Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



lumiiiiii 

e00036560Q 



MANUAL OF CHEMISTRY; 



COHTAIKING 



THE PRINCIPAL FACTS OF THE SCIENCE, ARRANGED IN THE 

ORDER IN WHICH THEY ARE DISCUSSED AND ILLUSTRATED 

IN THE LFXntJRES AT THE ROYAL INSTITUTION 

OF GREAT BRITAIN. 




BY 



WILLIAM THOMAS BRANDE, 



Sccrdarir efthe Mafl Soeicty «f London; Fellow of the Royal Society of Bdinbarfh; Meaabcr of, and 

Pnifmor of OMsMry in tko Royml IniiitatkNi of Great Britaia; Profeaior of CheariMry and 

Maierin Medlea in the Sodcty of i^Mtlieeariei of tbe City of London ; Member of the 

Geoloficnl Soeicty of London ; Honorary Member of the Literary and 

PhiloMpUcal Soeicty of New Yoik ; of the Phyrico-Medical 

Soeicty of Eriangcn ; and of the Pbarmaecatical 

Soeiety of Pctenhnrfh. 



SECOND EDITION, IN THREE VOLUMES. 



VOL. III. 



LONDON : 
JOHN MURRAY, ALBEMARLE-STREET. 

Tm. 




LONDON : 

rdlNTBD BY WILUAM CLOWES, 

NortliamlwrUuMUanrt. 



CONTENTS, 



VOL. III. 



CHAPTER VIIL 

Page 

Op Vegetable Substances . • . . 1 
Section I. Of the Stractiire and Growth of Plants, 

and of the Chenucai Phenomena of 

Vegetation .... 2 
11. Of the Composition and Analyyip of 
Vegetable Substances, and of their 

ultimate and proximate Principles 10 

IIL Gum 18 

IV. Sugar 21 

V. Starch 29 

VI. Gluten 35 

Vll. Extractive Matter, Lignin, ^c. . 38 

VIII. Tannin 44 

IX. Colouring Matter, ^c. ... 47 

X. Wax 53 

XI. Fixed Oil 55 

XII. Volatile Oils 58 

XIII. Camphor 61 

XIV. Resias . .64 

a 2 



IV CONTENTS. 

Page 

Sect. XV. Narcotic Principles ... 69 
XVI. BitumeiiSy Coal, ^c. . . . 75 
XVII. Vegetable Acids .... 78 
XVIII. Of the Parts of Plants . .108 
XIX. Phenomena and Products of Fermen- 
tation 128 

CHAPTER IX. 

Op Animal Substances .... 172 

Section I. Of the ultimate Principles of Animal 

Matter, and of the Products of its 
destructive Distillation . 173 
II. Blood 176 

III. Milk . . 182 

IV. Bile 186 

V. Lymph, Mucus, Pus, ^c. 188 

VI. Urine, Urinary Calculi, ^c. . . 190 

VII. Cutis, or Skin ; Membrane, ^c. . 203 

VIII. Muscle, Ligaments, Horn, Hair, ^c. 207 

IX. Pat, Spermacieti, ^c. . 208 

X. Cerebral Substance . 212 

XI. Shell and Bone 213 

XII. Animal Functions . 216 

CHAPTER X. 

GEOLOGY. 

I. General Remarks on the Objects of 
Geological Science. Sketch of the 
Theories of Burnet, Woodward, 
Leibnitz, Whiston, Whitehurst, and 
Buffon. Wernerian and'Huttonian 
Theories .... 229 



*r 



CONTENTS. V 

Sect. 1 1. Of the Succession of Strata incrust- 

ing the Globe, and of the Stratifi- 
cation of Britain in particular. Of 
Granite and other Primary Rocks 247 

III. Of Stratified Rocks, and of the Tran- 

sition and Secondary Formations of 
Werner. — Rock-salt, Coal, Alluvial 
Matters, Basalt . 275 

IV. Of Metallic Veins. Of the General 

Causes of the Decomposition of 
Rocks. Of Volcanos. Of the 
Analysis of Soils 304i 

APPENDIX. 

Tabular View of the Equivalent Numbers of Ve- 
getable and Animal Products, and of their Com- 
binations 346 

INDEX. 



ADDENDA. 



At page 171 of this volume the reader is requested 
to insert the following paragraphs : 

1930*. When acetic acid and alcohol are repeatedly 
distUled together, a portion of acetic ether is formed, 
which has a peculiar and agreeable taste and smell, and 
a specific gravity of about .860 at 60^. It boils at ^ 

about 160^, is highly inflammable, and emits acetic acid 
among its products of combustion. This ether is di- 
rected in some of the foreign PharmacopcBis for medical 
use, and the following is pertiaps the best process for its 
production. Introduce into a tubulated retort 3 parts 
of acetate of potassa, 3 of alcohol, and 2 of sulphuric 
acid, and distil to dryness. To the product add one- 
fifth its weight of sulphuric acid, and draw off by a 
gentle heat a quantity of ether equal to that of the 
alcohol originally employed. 

Acetic ether is much more soluble in water than sul- 
phuric ether : according to M. Thenard, water at 60^ 
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dissolves about a 7.5 part of its weight, and the solution 
is permanent. Caustic potassa decomposes it, and forms 
acetate of potassa. 

Oxalic, citric, tartaric, and benzoic acids have been 
employed in the formation of ethers ; the presence of 
a mineral acid is indispensable to their formation. — 
Ure's Dictionary, Art. Ether. 
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OF VEGETABLE SUBSTANCES. 

1508. Jtl AVING in the preceding chapters considered 
the properties of the elementary substances, and such 
of their compounds as can be artificially formed, or are 
found in the mineral world, we proceed in this and in the 
succeeding chapter to examine the states of combination 
in which they occur in organic substances. 

The several sections of the present chapter will 
relate to the formation of vegetable substances and 
ttieir chemical physiology ; to the analysis of vegetable 
products, and the properties of their proximate compo- 
nent parts; and to the phenomena and products of 
fermentation. 
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Section I. Of the Structure and Growth of Plants^ 
and of the chemical Phamometia of Vegetation. 

1509. In examining the external stracture of a 
perfect and full-grown vegetable, or plant, the essential 
organs of njrhicb it is observed ^ consi3t are tl^i^ root, 
the stem, the leaves, the flowers, and the seeds. 

The root serves to attach the plant to the soil, and 
is one of its organs of nutriment ; in its structure it 
closely resembles the stem, of which it may be regarded 
as a continuation, terminating in more or less minute 
ramifications, analogous to the branches deprived of 
leaves. The stem is usually erect and subdivided into 
branches which bear the leaves and flowers, and upon 
which the seeds are ultimately produced. 

1510. When a branch of a tree is cut transversely 
it exhibits a cortical portion, ojr bark ; wood ; and pith^ 
or central meduUarj/ substance. 

The bark is subdivisible ii^to an external layer or 
cuMcUs undtf which is a cellular r substanqe lying upon 
the innermost part, or cortical layers. 

151 U The cuticle extends over every pact of the 
plant ; it allows of absorption and transpiration, and be- 
ing, generally teansparent, at lea^t upon the leaves and 
flowers, it admits the influence of light. The cuticle varies 
in texture and appearance in difierent plants. On the cur- 
rant and elder tree it is smooth and scales ofi^ : on the fruit 
of the peach, and on the leaf of the mullein, it is covered 
with wool ; on the leaf of the white willow, it is silky ; 
in several plants, it is covered with hair and bristles, 
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OP THE BARK AND WOOD. 3 

in the nettle are perforated and contain a venom- 
ous fluid: on the plum and upon many leaves, it is 
vamisbed with a resinous exudation, which prevents 
injury from rain : it is fungous on the bark of the cork 
tree : and on grasses, on the equisetum, and especially 
on different species of the rattan, it is covered with a 
glassy network of siliceous earth. 

Silica is also found in the hollow stem of the bamboo, 
constituting the substance called tabasheer, the optical 
properties of which are peculiar, and have been described 
by Dr. Brewster.— PAi/. Trans. 1819. 

1512. Under the cuticle, or epidermis, is the/Nir- 
cnchyma ; a soft substance, appearing under the micro- 
scope of a honeycombed or hexagonal cellular structure, 
resulting from the mechanical laws which influence the 
pressure of sofl; cylinders. 

1513. The cortical layers appear of a tubular and fi- 
brous texture, and with the cellular substance receive and 
elaborate the sap. In the older branches and trunks 
of trees, the bark consists of as many layers as they 
are years old ; the innermost layer has been called the 
liber 9 in which the most essential vital functions of the 
plant appear to go on, and by which a new layer of 
wood is annually secreted. 

1514«. The \Dood consists of an outer stratum of 
living wood called the alburnum^ or sap-wood ; and an 
inner dead part, or heart-wood. In the alburnum, which 
is tubular, the sap spears to rise from the roots ; it 
passes into the leaves, where it undergoes changes, and 
thence enters the vessels of the inner bark, in which new 
parts are produced, and which is thus enabled to generate ' 
new wood. 

B s 



4 PITH, LEAVES, AND FLOWERS. 

When the tubular structure is examined by a magnifier, 
it appears composed of vessels, some of which' are 
simple, others perforated in various ways, and others 
spiral. The fibres of the wood consist of concentric and 
diverging layers, which have been called the spurious 
and the silver grain. 

J 51 5. The pith occupies the centre of the wood ; 
it is very variable in quantity in plants of different ages, 
and appears not to be of essential importance. It pro- 
bably sometimes serves as a reservoir of moisture. 

1516. The leaves are highly vascular, and appear 
composed of a woody skeleton, supporting a tubular and 
cellular structure. They allow of evaporation and absorp- 
tion, and in them the sap is concocted and rendered fit for 
the production of new parts. The absorption and 
evaporation principally take place upon the lower 
surface of the leaf. In most plants the leaves are 
annually re-produced. 

1517. The /ou?er consists ofthe co/ya:, or green sup- 
port of the corolla f or floral leaves ; and of the pistil and 
stamens. The pistil is surmounted by the style ^ and is 
connected with a vessel containing the rudiments of the 
seeds. The stamens are surmounted by anthers^ covered 
with a fine powder called the pollen^ and which, being 
deposited upon the style, renders the seeds productive. 

1518. The seed is extremely various in form. It con- 
sists essentially of the cotyledon^ the plume j and the radicle. 
The cotyledon contains the matter necessary for the 
early nutrition of the young plant. Sometimes it is single, 
sometimes double, and sometimes divisible into several 
lobes. The plume afterwards produces the stem and 
leaves, and is enveloped by the cotyledons ; the radicle 
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generally projects a little, and when the seed vegetates, 
it becomes the root. These parts are usually enveloped 
ID a common membraoe, 
aiid are well seen in the 
garden bean, represented in 
the annexed cut oa are the 
cotyledons ; b the plumula ; 
c the radicle ; (f dthe exter- 
nal membrane. 

1519. When a seed is placed under favourable 
circmnstances the difierent parts begin to grow ; the 
membranes burst, the plumula gradually expands and 
rises to the surface of the soil, and the radicle puts forth 
ramifications, and becomes a root. These changes 
constitnte germination. The cotyledons, originally 
insipid and farinaceous, become sweet 
and mucilaginous, and furnish materials 
for the early nutriment of the young 
plant, before its root and leaves are ' 
adequate to their full functions ; and 
vessels are observed ramifying through- 
out the cotyledons fur this purpose, as 
here represented. 

When the root and stem have acquired a certain 
degree of vigour, the cofyledons either rot away, or 
become leaves ; and the plant then derives its nourish- 
ment by the absorbing powers of the root and leaves, 
the former collecting materials from the soil, the latter 
from the atmosphere. 

The circumstances requisite for the healthy ger- 
mination or growth of a seed are principally the Tf 
lowing: 1. A due temperature, which is ahn 
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above the freezing point, and below 100°. 2. Mois- 
ture in due. proportion. 3. A proper access of air, 
the oxygen of which is slowly converted^ into car- 
bonic acid. The joint operation of these agents also 
is required ; for seeds exposed to air and moisture, but 
kept below 32®, will not grow, though they are not 
injured by 'the low temperature : nor will a seed vegetate 
without air, though moisture be present and a sufficient 
temperature; this is shown by burying seeds deep in the 
soil, and by the spontaneous vegetation upon newly- 
turtied earth, in which seeds had existed, but through 
absence of oxygen had been unable to vegetate. Hence 
in all cases of tillage the seeds should be so sown as 
;tliat the air may have access ; in sandy soils this is 
easily attained, but in clayey soils the adhesiveness of 
the materials is often the cause of their unproductiveness. 
1520. As the plant advances to perfection, it be- 
comes dependant upon the air and soil for its nutriment : 
the roots absorb moisture and other materials ; and the 
leaves, while they exhale moisture, frequently absorb 
carbon from the carbonic acid present in the atmos- 
phere, and evolve oxygen (Prefatory History of Che- 
mistry ^ p. 132.) This evolution of oxygen takes place 
while plants are exposed to the solar rays, and appears 
one of the most efficient causes hitherto suggested of 
the purification and renovation of the air. In the night- 
time, the leaves of plants always exhale carbonic acid, 
and at all times if the leaves be dying or unhealthy. 
There are also certain plants which appear under allcir- 
ciunstances rather to deteriorate than renovate the air ; on 
the wtiole, however, the balance is in favour of ameliora- 
tion (Davy's AgriculUiral Chem. 4to. p. 195.) though the 



MOTION OP THE SAP. « 

disappearance of the enormous quantities of carbonic 
acid gas continually pouring into our atmosphere, can, 
I think, scarcely be referred to the purifying action of 
y^etables alone. 

Under certain circumstances, the leaves of plairts 
abe absorb a considerable portion of aqueous vapour 
and water, as is shown by the resuscitation of a drooping 
plant, on sprinkling it with water, or exposing it to a 
homid jBtinosphere. It is probable that, in healttiy 
vegetation, the absorption of water by the leaves takes 
pilule in the night seaison chiefly, and that their principal 
function in the day is that of transpiration. Upon 
fiiese subjects the reader may consult Saussure's Re- 
cherchcs Chmiqucs 9ur la Vigitation. 

1521. The fluid found in tfie vessels of plants is 
called their sap ; it has a motion in the vessels, and 
appears to rise from the roots in a series of tubes in the 
alburnum ; it then circulates in the leaves, becomes 
dianged considerably in composition, and enters tfie 
Vessels of the inner bark, enabling it to produce a new 
layer of wood, and to form the peculiar secretions 
whidi belong to it, and which, in smaller quantity, are 
abo found in other parts of the vegetable. — See Prefa- 
tory History of Chemistry ^ p. 104. 

The cause of the motion of the sap has never been 
satisfactorily accounted for, though it is, perhaps, prin- 
cipally referable to the contraction and expansion pro- 
duce J by changes of temperature. 

That tiie sap ascends ni the albtamum, and descends 
in tile Kber, or inner blurk, is shown by making an in- 
cision into (he former and latter. The wound of 
one will exude upon its lower surface, and of the i 
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upon its upper surface : and if a circular strip of bark 
be removed from a small branch of a tree near the 
stem, there will, of course, be an accumulation of sap 
in that branch, and its produce of leaves, flowers, and 
fruit, is often remarkably increased by such an operation. 
If the alburnum, on the contrary, of a branch be oom- 
pletely divided, it dies, as nourishment is then excluded ; 
a fact pointed out by Mr. Knight ; who has also shown, 
in proof of the situation of the vessels carrying the as- 
cending sap, that coloured fluids applied to the root 
always pass upwards in tbe alburnum only. — PhU. Trans. 
1801. 

1522. The sap of plants is of very various composi- 
tion, and contains, besides certain proximate vegetable 
principles, several saline substances, especially the ace- 
tates of potassa, and of lime : it also often exhibits traces 
of uncombined vegetable acids. The sap of the elm, 
beech, hornbeam, and birph, have been examined by 
\auquelin, {Anriales dc Chimie, xxxi.) Dr. Prout has 
given some account of the sap of the vine ; and Professor 
; Scherer has analyzed the sap of the common maple. 
(Thomson's System, iv. 212.) It is, however, almost 
impossibh to collect the ascending sap without admix- 
tm'e of some other juices of tl.e plant, so that the ana- 
lyses only afibrd approximations to its real composi- 

tipn. 

Id23. The heat of plants is in many instances above 
that of the surrounding medium, and there are cases on 
record: in which a very marked elevation of temperature 
.l)as been observed in tl>em, but: upon this subject we 
have as yet no accurate researches. — Smith's Introduc- 
ticn to Botany, p. ; 89. 
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1504. Though the presence of light, air, and 
moisture^ aided by a due temperature, are the principal 
requisites for Ihe growth of plants, these are not the 
only essentials, for they also derive nutriment from the 
soil, which becomes impoverished by their growth, and 
ultimately incapable of supporting healthy vegetation, 
unless aided by manures. It is thus that the alcaline, 
earthy, and saline ingredients of plants are fiimished, 
and quick-growing vegetables require a constant supply 
of these substances. 

1525. Manures are of vegetable, animal, or mineral 
origin. The two former are capable of affording two of 
the essential ingredients of plants, namely, carbon and 
hydrogen ; they may also yield some of the more im- 
mediate principles found in vegetables. The mere 
existence, however, of vegetable matter in the soil, is 
not suflicient to constitute it a manure ; it must be 
reduced to a soluble state ; to a state in which it can be 
absorbed by the roots of a growing vegetable ; this is 
often effected by fermentation or putrefaction, or by 
applying the vegetable matter in a green state, as by 
ploug^iing in a green crop. Where the vegetable matter 
is in an inert insoluble form, it will be of no avail unless 
rendered active and soluble, which is effected either by 
mixii]^ it with such kinds of animal matter as undergo 
quick putrefaction, and are themselves propitious to the 
growth of vegetables; such, for instance, as dung, 
rotten fish, or decaying parts of animals ; or, by the 
operation of alcaline bodies, such as quicklime, ^c. 

When newly burned lime is strewed over a soil con- 
taimng inert vegetable matter, it acts upon it, and ren- 
ders it more or less soluble ; while the lime, b^ absorb- 
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ing moisture and carbonic acid, is slaked, and passes 
into the state of chalk, which is not hurtful to vegetables, 
and often a very useful addition to the soil : but when 
limestone contains magnesia, that earth remains caustic, 
and sometimes proves highly injurious. — Davy's Agri- 
cultural Chemistry, 4to. p. 234. 



Section II. Of the Composition and Analysis of Ve- 
getable Substances, and of their ultimate and proximate 
Principles. 

1526. The ultimate principles of vegetable sub- 
stances are few in number ; but by being combined in 
various proportions, they give rise to a series of com- 
pounds materially differing from each other, and which 
may be called their proximate component parts. 

Carbon, hydrogen, and oxygen, are the principal 
ultimate components of vegetables : some afford nitrogen; 
in some there are traces of sulphur ; and in their sap or 
juices we find small proportions of potassa and of lime, 
sometimes of soda and of magnesia ; these bodies are 
cotnbihed with acids, and chiefly obtained by bumitig 
or incineration. It has already been said, that some 
plants contain silica ; sulphate ^f lime is found in cloveV, 
nitrate of potassa in the sap of the sun-flower, and 
nitrate of soda in barley. Common salt is a very 
frequent ingredient in marine plants ; phosphate of lime 
is found in oats and some other seeds ; and nearly all 
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T^etables jrield traces of oxide of iron, and many of 
oxide of manganese. In Saussure's Chemical Re- 
searches an Vegetation^ and in die fourth volume of Dr. 
Thomson's System of Chemistry y are copious tables, 
showing the earthy and saline constituents of vegetables. 
1527. When vegetable substances are submitted 
to destructive distillation, the carbon, hydrogen, and 
oxygen which they contain enter into new arrangements, 
and a variety of prodticts are obtained, differing in 
quantity and quality according to the nature of the ve- 
igetable substance, and varying with the mode of dis- 
tillation. Water, empyreumatic oil, acids, carbonic 
oxide and acid, and carburetted hydrogen, are in this 
way formed ; and, if the vegetable contain nitrogen, 
nmmonia may be obtained. A portion of charcoal, 
with the saline and earthy ingredients, remains in tfie 
retort. By a carefiil analysis of these products, the 
relative proportions of carbon, hydrogen, and oxygen, 
and of nitrogen, if present, may be judged of. The 
following form of apparatus may be used in these re- 
searches: 







II is a glass or earthen retort, containing the vegetable 
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substance to be decomposed, and placed in a sand heat 
upon the furnace b^ which is gradually raised to a red 
heat. It is connected by the adapter c with the receiver 
d^ which is kept cool for the condensation of the liquid 
products; the gases pass into the bell-glass/ standing 
over mercury, e is a tube of safety, to allow for sudden 
expansion or contraction ; there being in its lower part 
a small quantity of mercury which is occasionally ele- 
vated or depressed. The joints are secured by lute. 

1528. An improved mode of ascertaining the rela- 
tive proportions of the ultimate component parts of 
vegetable products has been devised by MM. Gay- 
Lussac and Thenard, {Recherches Physko-ChimiqueSf 
Tom. ii.) It consists in burning the vegetable sub- 
stance with chlorate of potassa (546.) The requisite 
proportion of the chlorate, ascertained by previous ex- 
periment, is mixed with a given weight of the vegetable 
matter, and made into a small ball, which is dried, and 
burned in the apparatus described in the opposite page. 
The gases are collected over mercury. The carbonic acid 
is absorbed by solution of potassa : if nitrogen be pre- 
sent, it will be found in the residuary gas ; if carburetted 
hydrogen has been disengaged, its quantity and compo- 
sition may be ascertained by detonation with oxygen. 
There should, however, always be allowance made for 
the production of excess of oxygen: thus the quantity 
of carbon is estimated from that of the carbonic acid 
formed ; the quantity of hydrogen is deduced from that 
of the oxygen which has disappeared for the production 
of water ; and the quantity of oxygen is learned by the 
remaining excess. 
. The details of the process will be found in the fourth 
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i of M. Thenard's Traiti de Chmie, with the 
following arrangenient and description of the apparatus. 




A hole is made through a brick, l, and the ^ass tube 
AA is passed dirou^ it as far- as to tlie small lateral 
tabe Bp, which passes into tiie mercurial trougb. The 
lower extremity of the tube rests upon the grate o, 
where it is to be heated red-hot by charcoal, inflamed 
by the lamp h. A brass cock is fitted by grinding, to 
the tube cc. It has a solid plug, dd, in which is a 
cavity large enough to contain one of the balls to be 
aDal3rzed, and which is introduced at the opening e. 
The plug is then tmned round, and the ball falls into 
the red-hot part of the tube, where it bums, the gases 
passing into the mercurial apparatus, ff is a basin, 
into which ice may be introduced to keep the metallic 
parts of the apparatus cool. It is convenient to case 
the lower part of the tube a in iron, as it is sometimes 
blown out at that part by die expansion within. 

Further directions respecting this process, with some 
observations upon it by Mr. Daniell, will be found in 
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Mr. Children's translation of M. Thenard's volume on 
Analysis. 

1529. A simpler, and in some respects, preferable 
means of analyzing vegetable substances, consists in ex- 
posing them to heat with certain metallic oxides in vessels 
which admit of our collecting the residue and products 
of combustion. For this purpose, procure a copper 
tube, bored from a solid bar, about twelve inches long, 
and one-third of an inch internal diameter, with a bent 
brass tube ground to its open end, to which is attached, 
also by grinding, a glass tube containing powdered 
muriate of lime, and bent so as conveniently to pass 
under the shelf of the mercurio-pneumatic apparatus ; 
the muriate of lime may be kept in its place by some 
loo9e amianthus^.and the weight of the glass tube should 
be carefully ascertained. Fill the brass tube loosely 
with dry amif^thM^ ; weigh out 3 grains of the vegetable 
substance to be an^yzed, and mix these intimately with 
120 grains of fipely-powdered peroxide of copper ; put 
this mixture into tb^ ; bpttom of the copper tube, and 
afterwards fill it up loosely with oxide of copper; then 
attach the brass and glas^ tubes, and arrange the ap- 
paratus so that the open end of the latter may be 
brought under an inverted jar of mercury, and the copper 
tube placed in a small fiimace and surrounded with burn- 
ing charcoal, taking care to apply the heat in the first in- 
stance to the upper part of it, and afterwards, to the bot- 
tom containing the vegetable matter ; care should be 
taken to make the whole of the copper tube gradually 
dull red, and' to keep the brass tube as cool as possible by 
a damp cloth. During this operation the carbon of the 
vegetable matter will be converted into carbonic acid. 
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andcplleoted over the mercury ; the nitrogen^ if any, will 
be mjbced with it, and the hydrogen will be converted 
into water, and absorbed by the muriate of lime. The 
carb(9uc acid may be absorbed by liquid potassa, and 
ite bulk furnishes a datum upoa which to. calculate the 
proportion of carbon» while the increase of weight in 
the muriate of lime shows the quantity of water formed; 
and coQfiequeiitly the quantity of hydrogen in the matter 
subjected to an^ysis. If we find the aggregate weight 
of the carbon and hydrogen^ oc of the carbon, hydrogen^ 
and nitrogen, equal-to that of the original vegetable sub- 
stance, no oxygen was present ; but if there be a defi- 

* 

cieiicy it may he, referred to oxygen. 

1^0. In all analyses thus conducted, the v^etabte 

substance should either be previously perfectly dried, or 

the; qiipntity of adhering water^ if there be any, allowed 

for, in sumining up the resulto ; with every precauticHi, 

however» the method is open to objections, and liable to 

several sources of fallacy. Indeed, although I have 

frequently made such experimente with every possible 

caution, I have ip no one instance gained satisfactory 

results; Ihe quantity of carbon may, it is true, be 

obtained with su^cient accur^y ; but the greatest diffi- 

cul^y attends the collection of the water which is formed, 

and all estimates that I have been able to make of the 

relative proportions of oxygen and hydrogen have been 

so exceedingly at variance in different trials, as entirely 

to ^a|;e my confidence in the accuracy of the mode of 

analysis ; and the same difficulty occurs in respect to the 

nitrogen. When, therefore, I see the results of the 

analysis of a single grain of vegetable matter detailed 

to the third decimal number, I cannot but suspect that 
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theory has more share in the result than experiment, 
more especially when such analysis is made the basis of 
an atomical calculation. 

1531. By subjecting different vegetable substances 
to ultimate analysis, MM. Gay-Lussac and Thenard 
consider themselves warranted in drawing [the following 
conclusions : 

a. A vegetable substance is always acid, when' the 
oxygen which it contains is to the hydrogen, in a pro- 
portion greater than is necessary to form water, or 
where there is excess of oxygen. 

b. A vegetable substance is resinous, oily, or alco- 
holic, where the oxygen is to the hydrogen in a less 
proportion than in water, or where there \s excess of 
hydrogen. 

, c. A vegetable substance is neither acid nor resinous, 
but saccharine, mucilaginous, ^c, where the oxygen 
and hydrogen are in the same relative proportion as in 
water, or where there is no excess of either. 

To the correctness of these results, there are some 
exceptions which have been pointed out by M. Saussure 
(Thomson's Annals, Vol. vi.,) and by Mr. Daniell (Jour- 
no/ of Science and Arts, Vol. vi. p. 326,) and which 
tend considerably to shake our confidence in their entire 
accucacy. 

The following Table exhibits the results of the ana- 
lysis of several substances, by the mode above described* 
Thenard's Treatise on Chemical Analysis, translated 
by A. Merrick. 
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SUBSTANCES 
ANALYZED. 


CariNM 
oootaiiMd 
ialkat 
body. 


Oxyceo 

eonUioed 

in thai 

body. 


Hydrogen 
contained 
in that 
body. 


Orsappocinf the oxygen and 
hydrogen to be in tlic state oi 
water in the vegetabk sabslance. 


Carbon. 


Water. 


BxCCMOf 

Oxygoi. 


Sugar . . . 


42.47 


50.63 


6.90 


42.47 


57.53 





Gum arable 


42.23 


50.84 


6.93 


42.23 


57.77 





Starch . . . 


43.55 


49.68 


6.77 


43.55 


56.45 





Sugar of milk . 


38.825 


53.834 


7.341 


38.825 


61.175 





Oak. . . . 


52.53 


41.78 


5.69 


52.53 


47.47 





Beech . . . 


51.45 


42.73 


5.82 


51.45 


48.55 





Mucous acid . 


33.69 


62.67 


3.62 


36.69 


30.16 


36.15 


Oxalic acid . 


26.57 


70.69 


2.74 


33.57 


22.87 


50.56 


Tartaric acid . 


24.05 


69.32 


6.63 


24.05 


55.24 


20.71 


Citric acid . . 


33.81 


59.86 


6.33 


33.81 


52.75 


13.44 


Acetic acid 


50.22 


44.15 


5.63 


50.22 


46.91 


2.87 


Elesin of turpent 


75.94 


13.34 


10.72 


75.94 


15.16 


hydrogen 
in excess. 

8.90 


Copal . . . 


76.81 


10.61 


12.58 


76.81 


12.05 


11.14 


Wax . . . 


81.79 


5.54 


12.67 


81.79 


6.30 


11.91 


Olive oil . . 


77.21 


9.43 


13.36 


77.21 


10.71 


12.08 



1532. The proximate principles of vegetables are 
chiefly separable from each other by the action of cer- 
tain solvents, of which the principal are cold and hot 
water, alcohol, ether, and a few of the acids. The 
manner of applying these will be made more obvious 
by the details in tlie following sections, than by any 
general account which could here be given of the vari- 
ous steps of the analysis. The number of proximate 
principles which are thus capable of being distinguished 
and separated from each other, is considerable ; those 
which have been most accurately examined are enu- 
merated in the following Table, and will each form 
the subject of a separate section ; while those which 
are less perfectly known, will be adverted to under the 
titles of those which they most nearly resemble. 



VOL. III. 



r 



18 PROXIMATE PRINCIPLES 



1 Gum. 

2 Sugar. 

3 Starch. 

4 Gluten. 

5 Extractive mattei' and Ligiiin. 

6 Tannin. 

7 Colouring matter. 

8 Wax. 

9 Fixed oil. 

10 Volatile oil. 

11 Camphor. 

12 Resins. 

13 Narcotic principles. 

14 Bituminous suhstances. 

15 Vegetable acids. 

a. Tartaric acid. 

b. Oxalic acid. 

c. Benzoic acid. 

d. Citric acid. 
c. Malic acid. 
/. Gallic acid. 



Section III, Gum. 

1533. Gum is contained in considerable quantities 
in the sap of many vegetables, and frequently appears 
as a spontaneous exudation. Gum arabic may be taken 
as a specimen of pure gum. Its specific gravity is 
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about 1.4. It has a slightly yellow tint, and is translu^r 
cent, inodorous, and insipid. It dissolves in water, 
forming a viscid solution, or mucUagCy from which it 
may be obtained in its original state by evaporation ; it 
is insoluble in alcohol, which, therefore causes a white 
precipitate in its aqueous solutions ; it is also insoluble 
in ettier and oils ; it undergoes no change by exposure 
to air, and its aqueous solution does not ferment, but 
only becomes sli^ly sour when kept for a long time. 

1534. Gum is decomposed by sulphuric and nitric 
acids : the former produces water, acetous acid, and 
charcoal ; the latter, among other products, converts a 
portion of the gum into a white acid substance, called the 
mucotis acid, and which is analogous to that obtained 
from sugar of milk, or saccholactic acid, under which 
bead its preparation is mentioned : malic and oxalic 
acids are also formed. 

Dilute sulphuric, and muriatic acids, dissolve gum 
witJiout change. 

Id3d. The alcalies, and solutions of the alcaJine 
earths, also dissolve gum, and the addition of acids 
(Occasions its piurti^I precipitation without having under- 
gone much apparent alteration. It combines with a 
few of the other metallic oiudes. A strong solution of 
pOTvmriate of iron, dropped into a concentrated muci- 
lage, forms a brown jelly of difficult solubility . Silicated 
potaflsa also occasions a white flaky precipitate in dilute 
mucilage, and is, according to Dr. Thomson, a very 
delicate test of gum. By mixing caustic ammonia with 
a boiling solution of gum, and then adding subnitrate 
of lead, Berzelius obtained a white precipitate (gimmatc 
of lead) composed of 

C2 
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Gum 61.75 

Oxide of lead . 38.25 



100. 



If this compound be regarded as consisting of 1 pro- 
portional of gum, and 1 of oxide of lead, the number 
170 might be assumed as the representative of gum, for 
38.25 : 61.75 :: 104..5 : 169. But if we consider it as 
a compound of 2 of gum and 1 of oxide, then 85 would 
be the equivalent of gum, and the following numbers 
nearly agree with its composition, as deduced from 
experiment : 

6 Proportionals of oxygen- 7.5 + 6 = 45.0 = 53. 

6 hydrogen 1. +6 = 6.0 = 7. 

6 carbon . . 5.7 + 6 = 34.2 = 40. 

85^ loa 

1536. Submitted to destructive distillation, gum 
affords carbonic acid and carburetted hydrogen gases, 
empyreumatic oil, water, and a considerable quantity of 
impure acetic acid, once considered as a peculiar acid, 
and distinguished by the term pi/romucous acid. 

1537. There are several varieties of gum differing 
a little from each other. Cherry-tree gum and gum tra- 
gacanth do not dissolve in cold water, but in other re- 
spects their properties resemble those of gum arabic. 
To these varieties the generic term of Cerasin has been 
given by soitie chemists. 
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Section IV. Sugar. 

1538, Sugar may be extracted from the juice of 
a Dumber of vegetables, and is contained in all those 
having a sweet taste ; that which is commonly em- 
ployed is the produce of the arundo sacchariferay or sugar 
cane, a plant which thrives in hot climates. Its juice is 
expressed and evaporated with the addition of a small 
quantity of lime, until it acquires a thick consistency ; 
it is then transferred into wooden coolers, where a por- 
tion concretes into a crystalline mass, which is drained 
and exported to this country under the name of nrns- 
covado, or raw sugar. The remaining liquid portion is 
molasses, or treacle. 

1539. The following is a sketch of the process by 
which raw sugar is purified in this country. 

Raw sugar is chosen by the refiner by the sharpness 
and brightness of the grain, and those kinds are pre- 
ferred which have a peculiar grey hue. Soft-grained 
yellow sugars, although they may be originally whiter, 
are not so fit for the purposes of the manufactory, and 
it is for this reason that sugars from particular countries 
are never used : such are those from the East Indies, 
Barbadoes, ^c. They do not possess the property of 
crystallizing so perfectly, and approach in this respect 
to the nature of grape sugar. 

There appear to be two perfectly distinct kinds of 
saccharine matter ; one, when pure, is transparent and 
colourless, and crystallizes under proper management in 
a regular form, generally in flattened six-sided prisms ; 
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the other is uncrystallizable,and generally highly charged 
with colouring matter. This colouring matter is not, 
perhaps, essential to it, but may arise in the present 
Case from the effect of fire, by the agency of which it is 
peculiarly prone to decomposition. We may mention, 
as familiar instances of these two, white-sugar-candy 
and treacle. The juice of the cane is composed of these 
ingredients, and though they are in some degree sepa^ 
rated in our Indian colonies by the process of evapora- 
tion and filtration, yet the raw sugar which we receive 
contains still much of the latter combined with the for^ 
iner. The process of refining consists in further sepa- 
rating the two. 

The proper sugar being selected, the paiu^ which 
resemble in some measure those used in the West In- 
dies, are charged with a certain- portion of lime-water, 
with which bullocks' blood is well mixed by agitation. 
They are then filled with the sugar, which is suffered to 
stand a night to dissolve. The use of the lime-water is 
tiot, as is generally supposed, to neutralize any free 
acid in the raw material : but, by combining with the 
molasses, to render it more soluble, and thus to facili- 
tate its separation from the pure solid sugar. In the 
purer kinds, and more especially when the refined is 
again mdted over for the purpose of bringing it to its 
utmost degree of purity, lime is not used, the quantity 
of molasses being so small as to be easily removed by 
the agency of water alone. 

Fires are lighted under the pans early in the morning, 
and when the liquid begins to boil, the albumen of the 
blood coagulates and rises to the top, bringing all the 
impurities of the sugar wiUi it. These are taken off 
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with a skimmer. The liquid is kept gently simmering 
and continually skimmed, till a small quantity, taken in 
a metallic spoon, appears perfectly transparent: this 
generally takes from four to five hours. The whiteness 
of the sugar is not at all improved by this process, but 
is even sometimes deteriorated from the action of the 
fire; it only serves to remove all foreign imparities. 
When the solution is judged to be sufficiently clear, it 
is sufiered to run off into a large cistern. The pans 
are then reduced to half their size by taking off their 
fronts, and a small quantity is returned into each. The 
fires are now increased, and the sugar made to boil as 
rapidly as possible, till a small quantity taken on the 
tbmnb is capable of being drawn into threads by the 
fore-finger. Nothing but practice can ascertain the exact 
point at which the boiling should be stopped: if it is 
carried too far, the molasses is again bound up with the 
sugar ; and if it is not carried far enough, much of the 
sugar runs off with the molasses in the after-process. 
When this point is ascertained, the fire is instantly 
damped, and the boiling sugar carried off in basins to 
the coolers ; a fresh quantity is then pumped into the 
pans, which is evaporated in the like manner. 

When the sugar is in the coolers, it is violently agi- 
tated with wooden oars till it appears thick and granu- 
lated, and a portion taken on the finger is no longer 
capable of being drawn into threads. It is upon this 
agitation in the cooler that the whiteness and fineness of 
grain in the refined sugar depends. The crystals are 
thus broken whilst forming, and by this means the whole 
is converted into agraniflar mass, which permits the 
coloured liquid saccharine matter to run off, and which 
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would be combined with the solid if suffered to form in 
larger crystals. This granular texture, likewise facili- 
tates the percolation of water through the loaves in the 
after-process, which washes the minutely-divided crys- 
tals from all remaining tinge of the molasses. That 
this is the true theory of the whitening of sugar by the 
process of refining, appears from a comparison with 
the process for making candy. In this latter, the raw ma- 
terial is cleared and boiled exactly in the same manner ; 
but instead of being put into coolers and agitated, it is 
poured into pots, across which threads are strung, to 
which the crystals attach themselves : tliese are set in a 
stove, and great care is taken not to disturb the liquid, 
as upon this depends the largeness and beauty of the 
candy. In this state it is left for five or six days, ex* 
posed to a heat of about 95^, when it is taken out and 
washed with lime-water : this takes off the molasses 
from the outside, but a great quantity is combined in 
the crystals, and the consequence is, that candy is never 
whiter than the sugar from which it is made. 

When the sugar has arrived at that granular state in 
the coolers above described, it is poured into conical 
earthen moulds, which have previously been soaked a 
night in water. In these it is again agitated with sticks, 
for the purpose of extricating the air-bubbles which 
would otherwise adiiere to the sugar and the moulds, 
and leave the coat of the loaf rough and uneven When 
sufficiently cold, the loaves are raised up to some of the 
upper floors of the manufactory, and the paper stops 
being removed from their points, they are set, with their 
broad ends upward, upon earthen pots. The first por- 
tions of the liquid molasses soon run down, and leave 
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the sugar much whitened by the separation. This self- 
clearance is much assisted by a high temperature ; and 
when it is perfected, pipe-clay, carefully mixed up with 
water to the consistence of thick cream, is put upon the 
loaves to the thickness of about an inch : the water from 
this slowly percolates the loaves; and, washing the 
solid sugar from all remains and tinge of the molasses, 
runs into the pots. The clay is of no other use than to 
retain the water, and prevent its running too rapidly 
through the mass, by which too much of the sugar would 
be dissolved : a sponge, dipped in water, acts in the same 
manner. The process of claying is repeated four or 
five times, according to the nature of the sugar, and the 
degree to which it has been boiled. When the loaves 
are perfectly cleansed from all remains of the coloured 
fluid, they are suffered to remain some time for the 
water to drain off ; when this is completed, they are 
set, with their faces down, when all remains of it return 
from their points, and it is equally diffused throughout : 
they are then set in a stove, heated to about 95^, and 
thoroughly dried. 

The sirup, or the mixed solution of sugar and mo- 
lasses which runs into the pots, is mingled in the next 
boilings with the solution of raw sugar in the pans, and 
again evaporated. It is divided according to its fine- 
ness ; the first running containing, of course, more mo- 
lasses, is reserved for the coarser loaves ; whilst the last, 
being little else than a solution of sugar, is boiled into 
loaves, of the same degree of fineness as those from 
which it ran. The lowest sirups are boiled into what 
is called bastard sugar, from which the molasses runs 
with very little mixture of the solid sugar. This is 
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catUed treacle, and is totally incapable of further crys- 
tallizatioD. 

The produce of 1 cwt. of raw sugar worked in this 
manner is, upon an average, 

63 lbs refined 
18 — bastard 
27 — molasses 
4 — lost weight, dirt, ^c. 



112 

The process above described may almost be con- 
sidered as mechanical. The only truly chemical parts 
of it are the clearing with blood, and the use of lime- 
water, which, leaving the solid sugar untouched, com- 
bines with the molasses, and rendering it in some mea- 
sure saponaceous, facilitates its solution during the per- 
colation of the water. 

Attempts have lately been made to whiten the sugar 
during its boiling, by the addition of charcoal. This 
destroys some of the colouring matter of the molasses, 
and tends materially to whiten the sugar, especially if 
the charcoal employed be partly of animal origin. 

Another attempt has been made to improve the pro- 
cess of claying, by the substitution of a strong solution 
of very white sugar for the clay. The idea was, that 
the water having a stronger affinity for the molasses 
than for the solid sugar, would, in its passage through 
the loaves, wash away the former, and leave the latter in 
its place, and that more weight and a closer grain would 
thus be obtained. The idea was ingenious but the advan- 
tages scarcely counterbalanced the additional expense of 
preparing the solution of fine sugar in the first instance. 
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1540. Sugar may be obtained from the sap of 
many other plants. It exists in large quantity in the 
sugar maple (acer saccharinum) and in the root of the 
comipon beet (beta vidgaris). In many ripe firuits sugar 
is a predominating ingredient; and in dried grapes, 
figs, 4^c.y it is often seen as a superficial incrustation. 
Though these kinds of sugar differ a little from each 
other, they can scarcely be regarded as distinct species. 

154>1. Honey is also a variety of sugar containing 
a crystallizable and an uncrystallizable portion, the pre* 
dominance of one or other of which give to it its peculiar 
character ; they may be partially separated by mixing 
the honey with alcohol, and pressing it in a linen bag ; 
the liquid sugar being the most soluble, passes through, 
leaving a granular mass, which forms crystals when its 
solution in boiling alcohol is set aside. Honey also 
frequently contains wax, and a little acid matter. 

I54r2. Sugar is a white brittle substance of a pure 
sweet taste, soluble in its own weight of water at 60^. 
Boiling water dissolves a considerably larger quantity. 
This solution is called sirup ; it is viscid, and furnishes 
crystals in the form of four and six-sided prisms, iiregu- 
larly terminated. Sugar is soluble in alcohol, but much 
more sparingly so than in water. 

1543. Nitric and sulphuric acids decompose 
sugar; the former converts it into oxalic acid; the 
latter evolves charcoal and produces water and acetous 
acid. 

1544. The alcalis dissolve sugar, and destroy its 
sweet taste, which re-appears if an acid be added. 
When, however, the alcalis are left for a long time in 
the contact of sugar th^ effect a more important change. 
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becoming carbonated and converting the sugar into 
gum. From a solution of sugar in lime-water, Mr. 
Daniell, who has obligingly furnished me with the prin- 
cipal materials of this section, obtained crystals of car- 
bonate of lime and a portion of gum. The addition of 
phosphuret of lime to sirup produces an analogous 
change. — Journal of Science and the Arts, Vol. vi. p. 32. 

1545. When protoxide of lead is digested with 
sugar and water, a portion is dissolved and afterwards 
separates in the form of a white insipid powder (saC" 
charate of lead,) insoluble in water and composed, ac- 
cording to Berzelius, of 

Sugar X. 41.74 

Oxide of lead. . . . 58.26 

100.00 

1546. When sugar is exposed to heat it fuses, 
becomes brown, evolves a little water, and is resolved 
into new arrangements of its component elements. If 
suddenly elevated to a temperature of about 500°, it 
bursts into flame . 

1547. The relative proportions of elements in gum 
and sugar appear from the experiments of Gay-Lussac 
(page 17,) to be nearly the same. The analyses of these 
two substances by Berzelius afforded slight differences 
only ; according to him they contain 

Carbon 41.906^ Gum.. 44.200 i Sugar 

Oxygen ... 51.306S= 100.. 49.015(= 100 
Hydrogen.. 6.788) •. 6.785) 

The equivalent of sugar, deduced from the analysis 
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of the compound with oxide of lead, provided we regard 
that compound as containing 1 proportional of each of 
its components, is 74.7, a number not perfectly recon- 
cileable with the ultimate of analysis of Berzelius, who 
regards sugar as composed of 

6 Proportionals of carbon . . 5.7 + 6 = 34.2 . . 44.5 

5 oxygen 7.5 + 5 = 37.5.. 49.4 

5 hydrogen + 5 = 5. . . 6. 1 

lei 100.0 

1548. 'Sianaa is an exudation from the Fraxinu$ 
Omu9^ a species of ash, growing in Sicily and Calabria. 
It has a sweet and somewhat nauseous taste, and is 
used in mediciDe as a mild aperient. It is %'ery soluble 
in water, and more soluble in alcobo] than came sugar ; 
the latter solution deposits it in the fonn of a white 
spongy mass. Digested in nitric acid« it yields botfi 
oxalie and saclactic acids. Its solution in waiter <l<>es 
not appear snsoeptible of linous feTmeiJtatif.m. 



1549. SrajftOHL, w Fifouia^ xuuf Ue ii^spartfUsd Ir^ti 
L varietT ef regetable aidbrtaooes ; it jt^ tsiiutuui^ xv tUt? 
scuIeiA graoK, and in nxuvry rw/U. Ti^^ yrw^^^ ><ir 
^btainise at omtmiiB m dffltnhig H^ y^jm^Kni pnaxMx ^ 



30 MANUFACTURE OF STARCH. 

the rasped root in cold water, which becomes white and 
turbid ; the grosser parts may be separated by a strainer 
and the 1i(|uor which passes deposits the starch, which 
is to be washed in cold water and dried in a gentle 
heat. 

1 550. The common process for obtaining the starch 
of wheat consists in steeping the grain in water till it 
becomes soft ; it is then put into coarse linen bags, which 
are pressed in vats of water : a milky juice exudes, and 
the starch falls to the bottom of the vat. The supernatant 
liquor undergoes a slight fermentation, and a portion of 
alcohol and a little vinegar is formed, which dissolves 
some impurities in the deposited starch ; it is then col- 
lected, washed, and dried in a moderate heat, during 
which it splits into the columnar fragments which we 
meet with in commerce, and which are generally ren- 
dered slightly blue by a little smalt. 

155L Pure starch is a white substance, insoluble 
in cold water, but readily soluble at a temperature 
between 160° and 180°. Its solution is gelatinous, 
becomes mouldy and sour by exposure to air, and by 
careful evaporation yields a substance resembling gum in 
appearance, which is a compound of starch and water. 
Starch is insoluble in alcohol and in ether, and occasions 
no precipitate in the greater number of metallic solu- 
tions (, in solution of subacetate of lead, however, it 
occasions a copious precipitate. The most characteristic 
property of starch is that of forming a blue compound 
with iodine ; it may be obtained by adding an aqueous 
solution of iodine to a dilute solution of starch. 

Sulphuric and nitric acids dissolve starch, and slowly 
decompose it, or resolve it into new compounds. Dilute 
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mtrie acid dissolves it without decomposition, forming 
a greenish sohition, which deposits starch upon the 
addition of alcohol. It is slowly soluble in muriatic 
acid, and insoluble in acetic acid. 

Potassa, triturated with starch, forms a compound 
which is soluble in water. 

Infusion of galls occasions a precipitate in the solu- 
tions of starch, which re-dissolves by heating the liquid 
to 120\ This property Dr. Thomson considers as 
diaracteristic of starch. 

1552. By digesting subnitrate of lead in a boiling 
solution of starch, Berzelius obtained an insoluble com- 
pound, which he has termed amylate of leud^ consisting 
of 

72 starch. 

28 oxide of lead. 

Too 

1553. It appears by a reference to the ultimate ele- 
ments of starch and sugar, that they differ little in com- 
position, and it is therefore not surprising that the former 
is easily convertible into the latter. 

1554. The change of starch into sugar is always 
observed during the germination of seeds (1519), and in 
the process oi malting a similar conversion is effected. 

Molt is barley which has been made to germinate to 
a certain extent, after which the process is stopped by 
beat The barley is steeped in cold water, and is then 
made into a heap, or couch, upon the maltfloor : here it 
absorbs oxygen and evolves carbonic acid ; its tempera- 
ture augments, and then it is occasionally turned, to 
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prevent its becoming too warm. In this process the 
radicle lengthens, and the plume, called by the maltsters 
the acrospirCy elongates ; and when it has nearly reached 
the opposite extremity of the seed, its further growth is 
arrested by drying at a temperature slowly elevated to 
150° or more. The malt is then cleansed of the root- 
lets. 

According to Dr. Thomson, barley loses about 8 per 
cent, by converting it into malt, of which 

1.5 is carried off by the^steep-water 
3.0 dissipated in the floor 
3.0 roots separated by cleansing 
0.5 waste 

ao 

1555. The following comparative analysis of un- 
malted and malted barley shows the change which has 
taken place in the operation. 

Gum 5 14 

Sugar 4 16 

Gluten 3 1 ^ 

Starch 88 69 

100 barley. 100 malt. 

1556. Another mode of converting starch into 
sugar was discovered by M. Kirchoff*; it consists in 
boiling it with very dilute sulphuric acid. A pound of 
starch may be digested in six or eight pints of distilled 
water, rendered slightly acid by two or three drachms of 
sulphuric acid. The mixture should be simmered for a 
few days, fresh portions of water being occasionally 
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added to compensate for the loss by evaporation. After 
this process tlie acid is saturated by a proper proportion 
if chalk, and the ini?(ture filtered and evaporated to the 
insistence of sirup ; its taste is sweet, and, by purifi- 
ition in the usual way, it affords crystallized sugar. 
MM. de la Rive and Saussure have shown tliat the 
contact of air is unnecessary in the above process ; that 
no part of the acid is decomposed, no gas evolved, and 
that the sugar obtained exceeds by about one-tenth, the 
original weight of the starch. M. de Saussure, there- 
ire, concludes that the conversion of starch into sugar 
:pends upon the solidilication of water, a conclusion 
strengthened by the following comparative analysis.— 
Thomson's Annals, Vol. ii. 
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Carbon . 



45.39 37.29 



Oxygen 48.31 . 

Hydrogen.... 5.90 . 
Nitrogen .... 0.40 . 

Tooob 



. 56.87 
. 6.84 
. 0.00 
100.00 



1557. This analysis of slarch is somewhat at vari- 
ance witli that given by Gay-Lussac ; indeed the small 
portion of nitrogen cannot be considered as an essential 
component. Berzelins has given the following as the 
lomponent parts of starcli. — Thomson's Annals, Vol. v. 

Carbon 13.481 

Oxygen 4S.455 

Hydrogen 7.0C4 

Tooooo 



36 CAOUTCHOUC AND BIRD-LIME. 

of alcohol, gluten is separated into tvtro principles, the 
one soluble ana the other insoluble in that menstruuni; 
M. Taddei, the author of these researches, calls the for- 
mer Gliadine, and the latter Zmoma.—Giomaie di 
Fisicay ii. p, 360. 

1563. Gluten is an essential ingredient in wheat- 
flour, and contributes much to its nutritive quality ; and 
gives considerable tenacity to its paste. 

1564. A substance, much resembling gluten, has 
been found in the juices of certain vegetables, especially 
in those which are milky and coagulable by acids. It 
is contained in the sap of the houseleek^ of the cabbage, 
and of most of the cruciform plants. Submitted to de- 
structive distillation, it affords ammonia, and is in other 
respects similar to the animal principle, called albumen ; 
hence it has been termed vegetable albumen. 

1565. Caoutchouc and Bird-lime may also be 
considered as allied to gluten. These substances 
are insoluble in water and in alcohol, but they are so- 
luble in pure sulphuric ether. Caoutchouc is highly, 
inflammable, burning with a bright flame which throws 
off much charcoal. When heated it softens, and is in 
that state soluble in some of the flxed oils. It is said to 
dissolve easily in oil of cajeput. These solutions are 
sometimes used as varnishes, but with the exception of 
that in ether, they remain clammy. 

1566. The principles which have now been ad- 
verted to, mar., sugar, starch, gum or mucilage, and 
gluten, constitute the principal nutritive ingredients in 
most of the esculent vegetables. Wheat grown in this 
country contains from 18 to 2-1 per cent, of gluten, the 
remainder being principally starch. The wheat of Ae 
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south of Europe generally contains a larger quantity of 
gluten, and is therefore more excellent for the manu- 
facture of macaroni, vermicelli, and other preparations 
requiring a glutinous paste. The excess of gluten in 
wheat-flour compared with other grain, renders it pe- 
culiarly fit for making bread ; for the carbonic acid, 
extricated during the fermentation of the paste, is re-' 
tained in consequence of its adhesiveness, and forms a 

a 

Mpongy and light loaf. 

A hundred parts of barley contain upon an average 
80 parts of starch, 6 of gluten, and 7 of sugar, the re- 
maining 7 parts being husk. 

From 100 parts of rye Sir Humphry Davy obtained 
61 parte of starch and 5 of gluten. 

From 100 parts of oats he procured 59 of starch, 6 of 
gluten, and 2 of sugar. 

100 parte of pease afforded about 50 of starch, 3 of 
sugar, 4 of gluten, and a small portion of extractive 
matter. 

100 parte of potato yield, upon an average, 20 parte 
of starch ; they may be considered in general as con- 
taining from one-fourth to one-fifth their weight of 
Dutritife matter. 

The turnip, carrot, and parsnip, chiefly contain sugar 
and mucilage : 1000 parte of common turnips give 
about 34 of sugar, and 7 of mucilage ; 1000 parte of 
carrote furnish about 95 of sugar, and 3 of mucilage ; 
and the same quantity of parsnips afford 90 of sugar 
and 9 of mucilage. The loss of weight in the above 
cases is referable to water, and inert vegetable matter 
possessed of the properties of woody fibre. {See the 
Table at the end of Section xYiii. 
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Section VII. Extractive Matter and Lignin. 

1567. By the term extract, or extracttve principle, 
we mean a substance contained in the greater number of 
vegetables, and generally forming the principal ingre- 
dient in the pharmaceutical preparations called extracts. 
It possesses the following properties. It is soluble in 
water, and the solution is of a brown colour. It is 
insoluble in ether, but it is soluble in alcohol con- 
taining a small portion of water. By repeated so- 
lutions and evaporations it may be rendered scarcely 
soluble in water. Solutions of chlorine, of many 
of the acids, and of most of the metallic oxides, 
occasion precipitates in the aqueous solution of ex- 
tractive. 

1568. The following substances may be considered 
under this head, though many of them are obviously 
widely different from extractive matter. 

_ 1569. Utniin. This substance was first noticed by 

B Klaproth, spontaneously exuding from the elm. From the 

H observations of Berzelius, it exists in the bark of many 

H other trees, and may be obtained by digestion in alcohol 

H and cold water; the action of hot water after\vardB 

H dissolves the ulmin. — Thomson's Aimaia, Vol. ii. 
H Ulmin is of a dark brown colour, with scarcely any 

^1 taste or smell. It is sparingly soluble in water and in 

H alcohol, but readily soluble in a weak solution of carbo- 

H nale of potassa. Very few of the metallic salts occasion 

H a precipitate in its solution. The exudation from the 
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efan 18 generally oombined with carbonate of potassa, 
and is therefore readily soluble in water. 

1570. Polychroite. This term has been applied to 
tile extract of saflron (AntuUesdeChim. Tom» Ixxx.) It 
is of a deep yellow, colour, deliquescent, readily soluble 
inwater «nd in alcohol^ but insoluble in pure sulphuric 
ether. Exposure to the solar rays soon destroys tiie- 
colour of its aqueous solution. Sulphuric acid renders it 
blue, and nitric acid green : solutions of lime and baryta 
produce yellow and red precipitates : subacetate of lead 
throws down a deep yellow precipitate, and nitrate of 
mercury separates a red powder. 

1571 • Hemaiki. This peculiar substance was first 
recognised by Chevreul in the colouring matter of log'- 
wood (Arm. de Chim. Tom;lxxxL) It may be obtained by 
digesting log^wd in water of the temperature of 125^ 
Fi]ter> evaporate oarefidly to dryness, and digest . the 
residue for 24 hours in alcohol of the specific gravity of 
.837. Filter the alcohol ; ooncentrate the solution by 
evaporation, add a portion of water, evaporate a littld 
further, and set <be solution aside : crystals are deposited 
whidi, when Wadied with alcohol and dried, are pure 
hematin. 

Hematia is of a reddish colour ; its taste is son^what 
bitter, and its aqueous solution is yellow when cold, 
but orange«r:^ at the temperature of boiling*water* 
Sulphuric acid added to this solution renders it reddish 
yellow. The alcalis give it a purplirii tint. 

1572. Bitter principle. By evaporating an infusion 
of quassia, a substance is obtained of an intensely-bitter 
taste, and of a brownish-yellow colour, which is readily 
soluble in water and in alcohol. Nitrate of silver, and 
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acetate of lead, are tlie only precipitaiits of its aqueous 
solution. It is probable that the same substance exists 
in other bitter vegetables, and Vauquelin has discovered 
it in the fruit of the colocynth, and in the root of whiU 
briojiy. — Thomson's System, Vol. iv. 

1573. By digesting indigo, silk, and a few other sab- 
stances in nitric acid, an intensely-bitter matter is formed, 
called by Welther, the t/ellow Inlter principle {Annales de 
Ckim. Tom. xxix.) Cbevreul has rendered it probable 
that this is a compound of a peculiar vegetable principle 
with nitric acid. It is crystallizable, burtis like gim- 
powdcr, and detonates when struck with a hammer. 

1574. Picrotoxin. This is a bitter poisonous substance 
contained in the Cocculus htdicm. It may be obtained 
by the following process : — Add acetate of lead to a 
decoction of the berries, as long as any precipitate falls: 
filter, evaporate, and digest the extract in highly-rectified 
alcohol ; evaporate to dryness, and agitate the remaining 
matter with a little water ; tiie picrotoxin remains inthe 
form of white prismatic crystals of a bitter taste. 

1575. Picrotoxin is difficultly soluble in water. Al- 
cohol, of the specific gravity of 810, dissolves one-third 
its weight. It is soluble in weak solutions of the pure 
alcalis. It combines with the acids, and forms com- 
pounds, some of which are crystallizable, but they re. 
quire further examination before we can venture to give 
this substance a place among the narcotic salifiable 
bases. — BouLkAV, Journal de Pharmacie, v. 

1576. iVicoiin. This is a principle existing in to- 
bacco. It was obtained by Vauquelin by the following 
process [Ann. de CAtHi.lxxi.) : Evaporate the expressed 
juice to one-fourth its bulk ; and, when cold, strain it 
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ttirough fine linen ; evaporate nearly to dryness; digest 
the residue in alcohol ; filter and evaporate to dryness ; 
dissolye this again in alcohol, and again reduce it to a 
dry state. Dissolve the residue in water, and saturate 
the acid which it contains with weak solution of potassa, 
introduce the whole into a retort, and distil to dryness ; 
re-dissolve, and again distil three or four times succes- 
sively. The nicotin will thus pass into the receiver, 
diasolved in water, from which solution it may be ob- 
tained by very gradual evaporation. 

Nicotin is colourless, acrid, soluble in water and in 
alcohol, volatile, and hig^y poisonous. 

1577. Aaparagm. — MM. Vauquelin and Robiquet 
obtained this substance in a crystalline form by evaporat- 
ing the juice of asparagus. It has a cool and slightly 
nanseous taste, and when burned emits acrid vapours, 
and leaves no traces of alcali. — Annales dc Chime, 
Tom. iv. 

1578. Fungm. This name has been given by Bra- 
coonot to a substance contained in the fleshy part of 
iuQidnrooms (Afi^i. de Chim. Ixxix.) It is insoluble in 
water and in alcohol, and scarcely acted upon by the 
afealis, or by dilute acids. It is the substance which 
remains after the mushro<Hn has been deprived of every 
thing soluble in alcohol and in water. 

1579. Inti/m. The roots of elecampane, when boiled 
in water, furnish a decoction, which, on cooling, deposite 
a white powder, in many respects resembling starch. 
It, however, difiers in several properties from that 
principle, and has hence been considered a peculiar tc- 
getable substance. — Thomson's System, Vol. iv. 

1580. Emeiin. To obtain emetin, digest powdered 
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ipecacuanha in alcohol, filter, evaporate carefully to> 
dryness, and re-dissolve in cold water. To this solutiim 
add carbonate of baryta, filter, and again evaporate to 
dryness ; digest this residuum in alcohol, and a solution 
is obtained, which, by careful evaporation, affords a 
reddish-brown substance, Soluble in alcohol and in water, 
and precipitable by sub-acetate of lead; its taste is 
acrid and bitter, and it is highly emetic. — MM.Maoen-* 
DIB and Peliietier, Annales de Chimie et Phynqm, 
Vol. iv. 

1581. Woody fibre. The term/%ntnhas been applied 
to the fibrous substance which remains, after digeiting 
wood in water and in alcohol. It is insipid, and, ex- 
posed to destructive distillation, affords a considerable 
quantity of vinegar tainted by empyreumatie oil, and 
containing a little ammonia. The charcoal which re^ 
mains, is light, brittle, shining, and easily incinerated. 
The relative quantity, yielded by different woods, haft 
already been adverted to (386.) 

1582. We are indebted to M. Braconnot for some 
highly-interesting experiments, relating to the action o£ 
sulphuric acid on wood (Arm. de Chim. et Phys.xii. 172.) 
In 'the course of these researches, he triturated 25 parts of 
hempen cloth with -34 of the acid ; it acquired the con^ 
sistency of mucilage, which, after 24 hours, was almost 
eutirdy soluble in water. The diluted Uquor was sa- 
twatod with chalk, filtered, and evaporated to the con^. 
sistency of sirup ; it deposited sulphate of lim€»^ and 
was then further evaporated to dryness, when a sub-* 
stance, having the characters of gum, was obtained. In 
anotlier cxpi^riment, 24 parts of lignin were reduced to 
gum by 34 t»f sulphuric acid ; this acid mixture, diluted 
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with water, and boiled for 10 hours, became sweet ; 
the acid was then separated by chalk, and the liquor, on 
doe evaporation, afforded a crystallizable sugar. 

Moistened saw-dust, heated in a platinum crucible with 
its weight of caustic potassa, afforded a matter soluble 
in wat^, and which, upon the addition of an acid to 
neutralize the alcali, yielded a substance havii]^ the 
properties of ubnm. 

1583. Suber or Cork. This is a light, soft, elastic, . 
and combustible siibstance, burning with a bright flame 
and leaving a bulky charcoal. Its principal peculiarity is,, 
that by digestion in nitric acid, it is converted into an 
orange-coloured mass, which furnishes to water a pecu- 
liar acid matter, which has been termed suberic add. 
Chevreul has found in it resin, oil, and a peculiar matter 
which he calls Cem.— See Wax (1609.) 

1584. Cotton is a downy substance found in the seed- 
pods of the different species of gossypium. It is insoluble 
in water and in dilute ^Icaline and acid solutions. It 
combines with several of the metallic oxides, which are 
therefore used as intermedes, or mordants^ in the art 
of dyeings Acetate (tf alumina is principally employed 
for this purpose. 

1585. MedulUn is a term given by Dr. John to the 
{Hth of the sun-flower and some other plants ; it is insipid, 
inodorous, insoluble in water and alcohol, and affords 
oxalic acid when treated by nitric acid ; submitted to 
destructive distillation, the {Mroducts abound in am- 
monia. 
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1586. Tannin, orthe astringent principle, is con- 
tained in many vegetables. It may be procured by 
digesting bruised gall-nuts, grape-seeds, oak-bark, or 
catechu, in a small quantity of cold water. The solu- 
tion affords, when evaporated, a substance of a brownish- 
yellow colour, extremely astringent, and soluble in 
water and in alcohol. 

The purest form of tannin appears to be that derived 
from bniised grape-seeds, but even here it is combined 
with other substances, from which it is perhaps scarcely 
separable, and among the numerous processes which 
have been devised for procuring pure tannin, there is 
none that answers the intended purpose. I have never 
been able to obtain it of greater apparent purity than 
by digesting powdered catechu in water at S3° or S^", 
filtering and boiling the solution, which, on cooling, 
becomes slightly turbid, and is to be filtered again, and 
evaporated to dryness ; cold water, applied as before, 
extracts nearly pure tannin. 

1587. The most distinctive character of tannin is 
that of affording an insoluble precipitate when added to a 
solution of isinglass, or any other animal jelly. Upon this 
property the art of tanning depends, for which oak- 
bark is generally employed ; the barks, however, of 
many other trees may occasionally be substituted. The 
following Table, drawn up by Sir Humphry Davy, ex- 
hibits the average quantity of tan contained in 480 lbs. 
of different barks — Agricultural ChemMtri/, 4to. p. 79. 
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Average of entire bark of middle-sized Oak, cut in bpring . 29 

of Spanish Chestnut 21 

■ of Leicester Willow, large size 33 

~ of Elm 13 

- — — of Common Willow, large 11 

ofAsh 16 

of Beech 10 

— of Horse Chestnut 9 

~ of Sycamore 11 

'- of Lombardy Poplar 16 

■ — of Birch 8 

ofHazel 14 

ofBlack Thorn , 16 

' of Coppice Oak 32 

— — of Oak cut in autumn 21 

■ of Larch cut in autumn 8 

White interior cortical layers of Oak-bark • 72 

1588. Tan forms a precipitate with solution of 
starch, with gluten and albumen, and with many of the 
metallic oxides. An account of the precipitates formed 
m metallic solutions by infusion of galls, will be found 
under the article Gallic Acid (1771) but these precipitates 
are very complex, and vary in composition. 

1589. If the solution of tan, obtained as above- 
described from catechu, be added to acetate of lead, an 
insoluble tannate of lead falls, composed, according to 
Berzelius, of 100 tannin + 52 oxide of lead. Now, if 
we suppose that tannin forms definite compounds with 
the metallic oxides, in the manner of a vegetable acid, 
the number 200 will be its representative, as deduced 
from the above datum. 

1590. Mr. Hatchett has shown that tan may be 
formed artificially by digesting charcoal in dilute nitric 
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acid during several days ; it is at length dissolved, and 
a reddish brown liquor is obtained, which furnishes, by 
careful evaporation, a brown glossy substance, amount- 
ing to about 120 parts from 100 of charcoal. 

This artificial tannin appears to differ in one circum- 
stance only from natural tannin, which is, that it resists 
the action of nitric acid, by which all the varieties of 
natural tannin are decomposed, though some are more 
capable of resisting its action than others. 

Artificial tannin has a bitterish astringent taste, is 
soluble in water and alcohol, and forms an insoluble 
precipitate in solutions of animal gelatine, the precipitate 
consisting, according to Mr. Hatchett, of 

36 Tannin. 
64 Gelatine. 
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Muriatic and sulphuric acids occasion brown precipi- 
tates, in solution of artificial tan, which are soluble in 
hot water. It combines with the alcalis, and forms a 
precipitate of difficult solubility in aqueous solutions of 
lime, baryta, and strontia, and in most metallic solutions ; 
these precipitates are of a brown colour. 

1591. A variety of artificial tan is formed by di- 
gesting camphor and resins in sulphuric acid, till tlie 
liquor becomes black, and on being poured into water, 
deposits a black powder, which, by digestion in alcohol, 
furnishes a brown matter, soluble in water, and forming 
an insoluble precipitate with gelatine.— ^Hatchett, 
PhU. Tram. 1805, 1806. 



COLOURING MATtER. 47 

Section IX. Colouring Matter. 

1592. The colouring matter of vegetables appears 
to reside in several of their principles, and is therefore 
very differently acted on by solvents. Its extraction, 
and transfer to different substances, constitutes the art 
of Dyeing. 

1593. Different materials not only possess very 
different attractions for dye stuffs, but they absorb the 
colouring matter in very different proportions. Wool 
appears in Ais respect to have the strongest attraction 
for colouring substances : silk comes next to it ; fben 
cotton ; and, lastly, hemp and flax. 

1594*. Colours have been divided by Dr. Bancroft, 
in his work on Permanent Colours, into substaittkc and 
adjecticc. The former communicate colour without 
the intervention of any other substance. They have an 
attraction for the fibre of cloth or linen, and are perma- 
nently retained. The latter require the intervention of 
some body, possessed of a joint attraction for the co- 
louring material and stuff to be dyed. The substance 
capable of Aus fixing the colour, has been called a iont, 
or mordavt. 

1595. The mordants most frequently employed 
are acetate of salttmina, ulphate or acetate of iron, and 
muriate of tin. The substance to be dyed is first im- 
pregnated with fbe mordant, and then passed fbrough a 
solution of the colouring matter, which is thus fixed in 
the fibre, and its tint is either modified or exalted by 
the operation. 

The following are the modes of producing some of 
the principal colours : 
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1596. Blaci is produced by astringents andsalti of 
iron, aiid if intended to be deep and perfect, the cloth 
should previously be dyed blue with indigo. The stuff is 
first soaked in a bath of galls, then rinccd, and passed 
repeatedly through a solution of sulphate of iron in infu- 
sion of logwood ; exposure to air deepens the colour, 
which at first has a purplish tint. Logwood tends con- 
siderably to improve tlie black, and prevents its ac- 
quiring a rusty or brown hue. Sometimes madder is 
used for the same purpose. Silk is dyed black nearly 
in the same way, but it requires a much larger relative 
proportion of galls, and the operation must be frequently 
repeated. It is difH^^uIt to give a good and permanent 
black to calico ; in this process, acetate of iron, galls, 
and madder are generally used, and the colour is rendered 
more durable by previously steeping the goods in a weak 
solution of glue. 

Grey is produced by the same operations as black, 
but the materials are used in a very dilute state. 

1597. Blue is chiefly derived from indigo, a sub- 
stance produced by fermenting the leaves of several spe- 
cies of the indigofera, a plant abundantly cultivated in 
South America and in the East Indies. 

1598. Indigo is a substance of a deep blue colour, 
containing about 50 per cent, of pure colouring matter, 
which is perfectly insoluble in water ; when heated it sub- 
limes in the form of a blue smoke, which, on condensation, 
forms acicular crystals. It is soluble in concentrated 
sulphuric acid. This solution is usually called Saxon or 
liquid blue, and is used as a substantive colour for dyeing 
cloth and siik. Substances which powerfully attract 
oxygen render indigo green, and by exposure to air, it 
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ttgsin acquires a blue colour. In this green state indigo 
is soluble in the alcalis, and the solution is commonly 
employed for dyeing calico. A bath for this purpose 
may be made by mixing one part of indigo, two parts 
of sulphate of iron, and two of lime, in a sufficient 
quantity of water : in this case the sulphate of iron is 
decomposed by a portion of the lime. The protoxide 
of iron thus produced becomes peroxidized at the ex* 
pense of the indigo,, which is rendered green and soluble 
in the alcaline liquor ; cotton steeped in this solution 
acquires a green colour, which by exposure to air, and 
wadung in water acidulated with sulphuric acid, be- 
comes a permanent blue. 

A little iron or zinc thrown into diluted sulphate of 
indigo, changes or destroys the colour in consequence 
of the evolution of hydrogen ; the colour is also quickly 
impaired and destroyed by chlorine. 

1599. The analysis of indigo, to ascertain the pro- 
portion of colouring matter, which varies much in differ- 
ent samples, may be performed by the successive action 
of water, alcohol, and muriatic acid (Chevreul, Ami. de 
Chm.hLvi. 20.) lOOpartsofGuatimala indigo, thus 
treated, afforded 

1 Green matter combined with ammonia<k 
Deoxidized indieo I 
Extract \'^ 
Gum J 

(Green matter \ 
Resin J 30 



I A tnce of indigo 

rRed resin 6 

To Muriatic J Carbonate of lime 2 

Acid I Oxide of Iron 'i . 

^Alumina J 

_ .. /Silica 3 

KesKhte • • . • -j^pure indiRo 45 
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1600. The action of nitric acid on indigo has been 
particularly examined by Mr. Hatchbtt (Additional Ex- 
periments on Artificial Tannin.'Phil. Trans. 1805.) This 
acid, diluted with about two parts of water, produces 
much effervescence when poured on powdered indigo, 
and gradually dissolves it ; the solution, evaporated to 
dryness, leaves a yellow residue, soluble in water, of an 
intensely bitter taste, and composed partly of artificial 
tannin, and partly of a peculiar bitter principle combined 
with ammonia. 

1601 , Yellow. There are several dye stuffs employed 
in the production of yellows. A decoction of Weld (Re- 
seda iMteola,) with an aluminous mordant gives a good 
yellow, which is rendered more brilliant by tartar, and 
by permuriate of tin* 

The bark of the American oak (Quercus Nigra,) or 
Quercitron bark, also furnishes excellent yellows ; it 
was first introduced into England by Dr. Bancroft, who 
has fully and philosophically detailed its various applica- 
tions .(Ejpmmenta/ Researches concerning the Philaso* 
phy of Permanent Colours, &c., London, 1813.) The 
salts of alumina and of tin are the principal mordants 
employed both with wool and cotton. 

Fustic fjDood, sumach, and dj/ers* broom, are also 
occasionally employed as sources of yellow colours. 

1602. Reds are chiefly produced from madder, the 
prepared root of the Rubia Tinctorum. The colouring 
matter is fixed by an aluminous mordant, assisted by galls, 
but the process is very complex and circuitous. In Dr. 
Bancroft's work above quoted (Vol. ii.) are full details 
upon this subject; and a perspicuous abstract of (hem will 
be found in Ai kin's Dictionary, Art. Dteing. 
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Brazil wood, safflowf^, and logwood are occasionally 
employed as red or pink dye stui&, but ^ey only give 
fiigitive eolours. 

1603. Scarlet is produced esLclusively with the Co- 
louring matter of the coclmeal, a small insect brought from 
Mexico, where it is found upon different speeies of the 
Opuntia. The nature of this colouring matter has been in- 
vestigated by MM. PeUetier and Caventou ; it is united 
in the insect witli a peculiar animal matter, fat, and 
some saline substances ; they separated it by exposing a 
strong alcoholic tincture of cochineal to spontaneous 
evaporation; it deposited a crystalline matter, which 
was re-dissolved in alcohol and the solution mixed with 
its bcdk of sulphuric ether ; this caused it in a few 
days to deposit the pure colouring principle, which they 
call Carndnium : Dr. John has proposed for it the term 
Coecincllin. This substance k fusible at about 120^ 
very soluble in water, less so in alcohol, and insoluble 
in eAer ; the acids change its colour from purple to pale 
red or yellow : the alcalis render if violet ; and its colom^ 
is impaired by most saline solutions. It readily cohn 
bines with alumina, forming a beautiful lake or carmine. 

The colouring matter of cochineal is fixed upon wooi 
by nitromuriate of tin and tartar^ by which scarlets are 
produced, and alum changes tho scarlet to crimsort 
Cotton and linen are very rarely dyed with codnneaf^ 
for, independent of its great expense, the colours are 
Nttle superior to those given by madder. 

1604. Buff BX\d Fawn colour are produced in a vari^ 
ety of ways. Walmit-htuis and Sumach, with alum mor- 
dimts, give durable colours of this description, which are 
repde red Drab, or Grey, by a very little iron. 

E t 
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1605. Green is obtained on woollen cloth, by passing 
it through thcggreen indigo vat, and then dyeing it as for 
simple yellows, the relative proportion of the blue and 
yellow being adjusted to the intended intensity of the 
green. Silk is first dyed yellow, and afterwards blued with 
indigo. Saxon green is done by dyeing yellow upon a 
Saxon blue ground. A solution of verdigris in vinegar 
is sometimes used to produce a delicate green : pearl- 
ash is added before it is used, and the cotton previously 
impregnated with the alum mordant, is then passed 

« 

through the mixture. 

Besides the above, an infinite variety of compound 
colours are formed, by mixtures of the simpler tints, and 
of the mordants ; but as my object is merely to give a 
general idea of the principles of the art of dyeing,! must 
refer the reader for practical details to the works ex- 
pressly upon the subject, and more especially to Dr. 
Bancroft's Treatise already quoted. 

1606. CalicO'prinHng is a more refined and difficult 
branch of the art of dyeing. In this process adjective 
colours are almost always employed. The mordants, the 
principal of which are acetate of alumina, and acetate of 
iron, are first applied to the calico by means of wooden 
blocks or copper plates, upon which the requisite pat- 
terns are engraved. The stuff is then passed through 
the colouring bath, and afterwards exposed on the 
bleaching ground, or washed. The colour flies from 
those parts which have not received the mordant, and is 
permanently retained on those parts only, to which the 
basis has been applied : variety of colours is produced 
by employing various mordants, and different colouring 
materials. 
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White fpots upon a dark ground are sometimes pro- 
duced by covering the parts with wax,« pipe-clay, or 
other materials, which prevent the contact of the colour ; 
or citric acid, thickened with gum, is applied like a mor- 
dant with the block or plate, which prevents the reten- 
tion of the colour. Sometimes the colour is discharged 
in places by the application of chlorine. 



Section X. Wax. 

1607. This principle exists in many plants ; it may 
be obtained by bruising and boiling them in water : the 
wax separates and concretes on cooling. 

TTie berries of the Myrica ceriferuy and the leaves and 
stem of the Ceroxylon afford considerable quantities of 
wax by this process (Bostock, Nicholson's Journal, 
Vol. iv., Brande. Phil. Trans. 1811.) The glossy 
varnish upon the upper surface of the leaves of many 
trees is of a similar nature, and though there are shades 
of difference, these varieties of wax possess the essential 
properties of that formed by the bee. 

1608. Pure wax is colourless and insipid; its 
specific gravity is about .96 : it is insoluble in water, 
and fusible at a temperature of about 150^ ; at a higher 
temperature it is converted into vapour, and at a red 
beat it bums in the contact of air with a bright flame. 
It is sparingly soluble in boiling alcohol and ether, and 
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is deposited as the solutions coo). The fixed oils, when 
assisted by heat, readily dissolve it, and form a com- 
pound of variable consistency, which is the basis of 
cerates tLud ointments . Some of the volatile oils also 
dissolve wax, when aided by heat. ' It is soluble in the 
fixed alcalis, forming soapy compounds ; but the acids 
scarcely act upon it ; hence the advantage of u)cu:4utCf 
for the retention of corrosive vapours. 

1609. When bees'-wax, or myrtle-wax, are digested 
in boiling alcohol, they afford, according to Dr. John, a 
soluble and insoluble portion ; he has called the former 
cerin, the latter myricin. Cerin is insoluble in water 
and in cold alcohol and ether, but dissolves in those 
liquids when heated.- Myricin is insoluble, under all 
circumstances, in alcohol and ether. 

The term cerine has been applied by Chevreul to a 
principle resembling wax, which he separated from 
cork ; it is less fusible than wax, more soluble in alco- 
hol, and partly converted into oxalic acid, by the action 
of nitric acid (1583). 

1610. According to Gay-Lussac and Thenard, 100 
parts of wax consist of 81.79 carbon, 6.30 of the ele- 
ments of water, and 11.91 of excess of hydrogen ; these 
numbers may be considered as equivalent to 

1 Proportional of oxygen . . . . r . . , = 7.6 . . 5.5 
20 „ „ carbon 5.7x20= 114.0 .. 81.5 

18 „ „ hydrogen 1. x 18 == 18. . . 13.0 

139.5 ioOO 
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Section XI. Fixed Oil. 

1611. Fixed Oil is generally obtained by pres- 
sure from certain seeds, such as the almond, linseed, and 
many others, and from the olive. The specific gravity 
of the fixed oils, is usually a little below that of water. 
They are viscid ; insipid, or nearly so ; and generally 
congeal at a temperature not so low as that required to 
freeze water. A few of them are solid at the ordinary 
temperature, and have been called vegetable butters. 
They are insoluble in water, but by the aid of mucilage 
may be diffused through it, forming emti/^on^. They arc 
for the most part sparingly soluble in alcohol and ether, 
tliough castor-oil dissolves in any quantity in those 
fluids.— -Br ANDE, PhU. Tram. 1811. 

16 J 2. Olive oil is sometimes adulterated with that of 
certain seeds, which may be detected by the action of 
nitrate of mercury. For this purpose, 6 parts of mercury 
are dissolved without heat in 7.5 parts of nitric acid, spe- 
cific gravity 1.36 ; this solution, shaken with oUve oil, 
becomes solid in a few hours ; but if sophisticated with 
oil of grains, it does not solidify it. 

1613. If oil, which has been congealed by cold, 
be submitted to pressure between folds of bibulous 
paper, a dry, concrete, fatty matter is obtained, which 
Cbevreul has called Stearinc : the paper absorbs a fluid 
matter, which does not congeal at a much lower tempe- 
rature, and which, though it does not become rancid, 
acquires viscidity by exposure to air. This* fluid part 
he has called Elaine. The relative proportions of these 
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principles differ in the different oils. — Annales de Chiniie, 
Tom. xciii. xciv. — See Animal OUs. 

1614. These oils cannot be volatilized without de- 
composition, which takes place at a temperature of 
about 600^ and water is copiously formed, attended 
by the separation of carbonaceous matter, which causes 
the oil to blacken and grow thick ; a portion of acetic 
acid is also at the same time formed. If the vapour be 
collected it is found acrid, sour, and emp)rreumatic ; it 
was formerly employed in pharmacy, under the name of 
philosophers* oil, and as it was often obtained by fifteeping 
a brick in oil, and submitting it to distillation, it was 
also called oil of bricks. Passed through a red-hot tube, 
the fixed oils furnish a very large proportion of car- 
buretted hydrogen gas (435) ; and when burned in the 
wicks of lamps they suffer a similar decomposition, and 
water and carbonic acid are the products of their com- 
bustion. 

1615. The greater number of the fixed oils under- 
go little other change by exposure to air than that of 
becoming somewhat more viscid, and acquiring a de- 
gree of rancidity. In this state they contain free acid, 
and redden vegetable blues. Some few, such as linseed 
and nut-oil, and the oils of the poppy and hempseed, 
become covered with a pellicle, and when thinly spread 
upon a surface, instead of remaining greasy, become 
hard and resinous; these are termed drying oils, and 
their drying quality is much improved by boiling tfaem 
upon a small quantity of litharge, 

1616. The drying oils, and especially nut-oil, form 
the basis of imnters* inky the history of which will be 
found in Lewis's PhiL Commerce of the Arts. The oil 
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18 heated and set fire to, and after having been suffered 
to bum for half an hour is extinguished, and boiled till 
it acquires a due consistency ; in this state it is called 
Varrdshj and is viscid, tenacious, and easily miscible 
wijli fresh oil, or with oil of turpentine, by which it is 
properly thinned, and afterwards mixed with about 
one-eighth part of lamp-black. 

1617. The alcalis readily combine with the fixed 
oils, and form white compounds called Soap. Of these 
the most important is the soap of soda, which is thus 
made : Five parts of barilla are mixed with one of lime 
and a proper quantity of water. In this way a ley, or 
solution of caustic soda, is obtained, which is boiled in 
an iron pot with six parts of oil till the soap separates, 
which is accelerated by the addition of common salt ; 
it is then suffered more perfectly to congeal, and in a 
few days becomes hard enough to cut into forms (Aikin's 
Dictionary, Art. Soap.) The best soaps are made with 
olive oil and soda ; in this country animal fat is usually 
employed for the common soaps, to which resin and 
some other substances are occasionally added. Soft 
Soap is a compound of potassa with some of the common 
oils ; even fish oil is often used. 

Soap furnishes a milky solution with water. It dis- 
solves in alcohol, and the solution, if concentrated, is of 
a gelatinous consistency. By carefully distilling off the 
alcohol, a transparent soap is obtained. 

The acids and the greater number of salts decompose 
soap, forming in most cases a compound of difficult solu- 
bility ; hence hard waters are unfit for washing, in con- 
sequence of containing sulphate of lime ; hence also the 
alcoholic solution of soap is useful as a test for ascer- 
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taining the fitness of water for this purpose, which, if' 
it becomes very turbid, cannot in general be used for 
washing. 

When soaps are decomposed by the acids, the oil 
which they contain is found to have undergone a change, 
the history of which will be noticed under the head of 
aninial oils. 

1618. The fixed oils readily combine with oxide of 
lead, when aided by heat, forming the compound usually 
termed plaster ; with the oxides of mercury and bismuth 
they produce very similar combinations, and are also 
capable of dissolving white arsenic in large proportion. 

1619. The ultimate components of olive oil, at 
given by Gay-Lussac and Thenard, are 

77.21 carbon. 
9.43 oxygen. 
13.36 hydrogen. 



100. 



Section XIL Volattlc Oils. 

1620, These oils are generally obtained by distil- 
ling the plants which afford them witli water in common 
stills ; the water and oil pass over together, and are col- 
lected in the Italian recipient shown in the following cut, 
in which the water having reached the level a by nins 
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off by the pipe e, and the oil being generally lighter 
than water, floats upon its surface in the space d. The 




whole contents of the recipient are then poured into a 
fmmel, the tube of which is closed with the finger, and 
when the oil has collected upon the surface, the water 
is suffered to run from it, and the oil transferred into a 
bottle. The distilled water being saturated with the 
oil, should be retained for a repetition of the distillation. 
The produce of oil is sometimes increased, by adding 
salt to the water in the still, so as to elevate its boiling 
point a few degrees. 

Some of the volatile oils are obtained by expression, 
such as those of lemon, orange^ and bergamot, which 
are contained in distinct vesicles in the rind of those 
fruits. 

1621. The volatile oils vary considerably in specific 
gravity, as shown by the following Table : 



Oil of Sassafras 1.094 

Cinnamon 1.035 

Cloves ..-.. 1.034 

Fennel 997 

Dill 994 

Penny-royal 978 

Cummin 975 



99 

99 
99 
99 

99 



60 VOLATILE OiLii. 

Oil of Mint 975 

Nutmegs 9iS 

Tansy 946 

Caraway 940 

Origanum ........ 940 

Spike 936 

„ Rosemary 934 

„ Juniper 911 

„ Oranges 888 

„ Turpentine 792 

1622. The volatile oils have a penetrating odour and 
taste, and are generally of a yellowish colour; they are for 
the most part very soluble in alcohol, and very sparingly 
soluble in water; these solutions constitute perfumed 
essences and distilled waters. The latter are principally 
employed in pharmacy, and the former as perfumes. 

When pure they pass into vapour at a temperature some- 
what above that of 212^ but when distilled with water, 
they pass over at its boiling point. They are very inflam- 
mable, and water and carbonic acid are the results of 
their perfect combustion. As many of these oils bear a 
very high price, they are not unfrequently adulterated with, 
alcohol and fixed oils. The former addition is rendered 
evident by the action of water ; the latter, by the 
greasy spot which tliey leave on paper, and which does 
not evaporate when gently heated. 

1623. The volatile oils absorb oxygen, when 
long exposed to it, and become thick and resinous. 
They also absorb chlorine. Nitric and sulphuric acids 
rapidly decompose the volatile oils : a mixture of four 
parts of nitric^ and one of sulphuric acid, poured into a 
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smair quantity of oil of turpentine, produces instant in- 
flammation, and muriatic acid is produced, along with 
a peculiar substance, in some cases not unlike camphor. 
Iodine produces changes somewhat analogous. Muria- 
tic acid combines with several of them, and forms a 
crystallizable compound which has been compared to 
camphor (1632). 

1624. The relative quantity of essential oils, fur- 
nished from different materials, is liable to much variation ; 
the following are tlie products of 1 cwt. of the different 
vegetable substances : 

Oaocct. 

Juniper-berries (common) 4 to 5 

Ditto (fine Italian) 7to 8 

Aniseed (common) 32 to 36 

Ditto (finest) 36 to 38 

lbs. OK. lb*. OS. 

Caraways from 3 12 to 4 12 

Dill-seed from 2 to 2 6 

Cloves from 18 to 20 

Pimento from 2 to 3 4 

Fennel-seed 2 

Leaves of the Juniperus Sabina 14 



Section XIII. Camphor. 

1625. This substance in many respects resembles 
the essential oils ; like them it is volatile, inflammable, 
soluble in alcohol, and sparingly soluble in water. 

In its ordinary state it is white, semi-transparent, and 
concrete. Its specific gravity .98. It fuses at about 
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3(Xf , m close vessels. It dissolveir in the fixed and 
volatile oils. It is scarcely acted upon by the alcalis ; 
some of the acids dissolve, others decompose it— 
Hatch ETT, Phil. Trans. 1805. Chevreul, Anrudes 
de C/dmie^ lxxiii> 

If mixed with bole or powdered clay, and repeatedly 
distilled, it is almost entirely converted into a liquid, 
having tlie characters of essential oil. 

The camphor of commerce is obtained from the Laurut 
camphora, and comes chiefly from Japan. It is origi- 
nally separated by distillation, and subsequently purified 
in Europe in a subliming vessel somewhat of the shape 
of a turnip, from which tl\e cakes of camphor derive 
their form. 

1626. When camphor is repeatedly distilled with 
nitric acid it is converted into camphoric acid. For this 
purpose four ounces of camphor, reduced to powder by 
triturating it with a few drops of spirit of wine, may 
be introduced into a two-quart tubulated retort, placed 
in a saiid heat ; pour upon it 30 ounces of common 
nitric acid, and proceed to slow distillation. When 
two thirds of the acid have passed over, return it into 
the retort and distil as before, repeating the operation 
twice more ; after which, as the liquor cools, a quantity 
of crystals of camphoric acid are deposited, which are 
to be washed and dried. This acid assumes the form 
of plumose crystals, soluble in about 100 parts of 
water at 60°, and in rather more than 1 part of alcohol. 
Its taste is acid, and somewhat acrid, and it has an 
aromatic odour. Exposed to heat it sublimes unaltered. 
It combines with the salifiable bases, constituting a class 
of salt called CampkoraUn. 
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162f7. Camphorate of ammoiaa is with difficuHy 
erystaUized ; it is sparingly soluble in water, but more 
eopioudy in alcohol. 

1628. Camphorate of Potassa forms hexagonal 
crystals, soluble in about 100 parts of water at 60°, and 
in 35 parts at 212^ Its alcoholic solution bums with 
a blue flame. 

1629. Camphorate of Soda is possessed nearly of 
the same properties as the preceding. 

1630. CampJiorate of Lime is nearly insoluble in 
water and alcohol. 

1631 . Camphorate of Baryta forms difficultly soluble 
lamellar crystals. — Bouillon Lagrange, Armales de 
Chimie^ xxvii. 

1632. When a current of muriatic acid gas is 
passed through oil of turpentine, it deposits a concrete 
substance, which has been called artificial camphor^ and 
the weight of which amounts to about one-half of the 
oil employed. When purified by sublimation with a 
little quicklime, it is rendered pure and white. It is 
lighter .than water, sublimes without decomposition, 
bums like camphor, and in smell resembles a mixture of 
camphor and turpentine (Tuenard, Memoires d'Arcueil^ 
Tom. ii.) By the action of zinc it affords chloride of 
zinc, and the oil is evolved little altered. 

1633. Camphor dissolves in sulphuric acid, forming 
a brown solution, from which it is at first precipitated, 
unaltered, by water. Sulphurous acid is afterwards 
evolved, the solution becomes black and thick, and, after 
some days, affords a brown coagulum on the addition 
of water, and smells fragrant and peculiar. On distilling 
the diluted liquor, water and a yellow oil pass over, a 
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little sulphurous acid is then disengaged, and a black 
matter remains in the retort, which, when digested in 
alcohol, affords a portion of soluble matter having some 
of the properties of artificial tannin. — Hatchett, Phil. 
Trans. 1805. 



Section XIV. Resins. 

1634. Resins are substances which exude from 
many trees, either from natural fissures or artificial 
wounds. Common resin is obtained by distilling the 
exudation of different species of fir : oU of turpentine 
passes over, and the resin remains behind. It may be 
taken as a perfect example of resin, and is possessed of 
the following properties: It is solid, brittle, a little 
heavier than water, and acquires negative electricity 
when rubbed. It has scarcely any taste or smell ; is 
insoluble in water ; readily soluble in alcohol, which 
takes up about one-third its weight, and becomes milky 
upon the addition of water. Resin is soluble in the 
caustic alcalis.. the solution is saponaceous, and when 
mixed with an acid, the rq^in separates, scarcely altered 
in its properties. Nitric, muriatic, and acetic acids 
dissolve it without much change*. 

* The properties of the resins have been very ably investigated 
by Mr. Hatchett, the details of whose researches will be found in 
his communications to the Royal Society, printed in the PhiloMh 
phical Transactions for 1804, 1805, 1806. 
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1635. A few of the resins derive odour from con* 
taining essential oil ; some afford benzoic acid wtien 
heated, and these have been termed balsams ; copal, mas- 
tich^ and a few others, are very diflBcultly soluble in alco- 
h<^ and contain a substance somewhat analogous to 
caoutchouc. Quaiacum is characterized by the singular 
changes of cfolour, which its alcoholic solution suffers when 
exposed to the action of nitric acid, — Phil. Trans. 1811. 

Guaiacum is also rendered bhie by tlie gluten of 
wheat, but its colour is not changed by starch ; the in- 
tensity of the blue colour is s^d to be proportional to 
the quantity of gluten present in flour. — Tadoei, Grtbr- 
naU di Fisica, i. 168. Quarterly Jounml^ viii. 876. 

1636. Lac is a substance formed by an insect, and 
dqwsited on different species of trees, chiefly in the East 
Indies. Tlie various kinds of lac distinguished in com- 
merce, are stick lac, which is the substance in its natural 
«tate, investing the small twigs of the tree : seed-lac, which 
is the same broken off; and which, when melted, is called 
shdl4ac. These substances have been examined by Mr. 
Hatdiett *. The following table exhibits their component 
parts.— PAt/. Trans. 1804*. 

Stick-Uc Seed-lAc SbcO-LAc 

68 .... 88.5 .... 90.9 

10 2.5 0.5 

6 4,5 .... 4.0 

5.5 2.0 2.8 

6.5 . . 



Resin 

Colouring matter 

Wax 

Gluten 

Foreign bodies 



Loss 



■ . . . • 



4.0 .. 



2.5 . 



1.8 



100 



100 



100 



^ Dr. Pearson obtained a peculiar acid from a substance called 
while lac, from Madras. He has called it lactic acid, — Phil. Ttans. 
1794. 

VOL. III. F 
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1637. Dr. John has announced the presence of a 
peculiar acid in stick-lac, which he has called Laccic Acid. 
The lac was digested in water, the solution evaporated, 
and the residue digested in alcohol : the alcoholic solution 
was evaporated to dryness, and its residue digested in 
ether. The evaporation of the etheric solution leaves 
a yellow matter, which, being again dissolved in alco- 
hol, and the solution mixed with water, deposits a little 
resin, and leaves laccic acid in solution, which, upon 
the addition of acetate of lead, gives a precipitate of 
laccate of lead ; the latter compound, by. cautious de- 
composition by sulphuric acid, affords the laccic add. 

1638. Laccic acid* is crystallizable, of a yellow 
colour, a sour taste, and soluble in water, alcohol, and 
etiier. With potassa, soda, and lime, it forms deli- 
quescent soluble salts ; with lead and mercury it pro- 
duces white insoluble compounds ; it occasions no pre- 
cipitate in the nitrates of baryta and silver. — Thom- 
son's System^ ii. 177. 

1639. Gum Resins are natural combinations of 
gum and resin, they are consequently only partially 
soluble in water and in alcohol ; they readily dissolve 
in alcaline solutions when assisted by heat; and the 
acids act upon them nearly as upon the resins. Ammo- 
niacum, gamboge, assqfoetida, and olibanum^ may be 
taken as examples of gum resins. 

1040. ^m^er is a substance which, in some of its 
properties, resembles resin ; it is, however, very spa- 
ringly soluble in alcohol, and difficultly soluble in the 
alcalis. When submitted to distillation, it furnishes an 
acid sublimate, which has received the name of succinic 
acid, and which, when purified by repeated solutions- 
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and crystallization, possesses the following proper- 
ties: — 

1641 . It forms yellowish prismatic crystals soluble 
in 21 parts of water at 60°, and of a slightly acid and nau- 
seous taste ; it is fusible and volatile when heated. 10 
lbs. of amber yield about 3 ounces of purified succinic 
acid. Along with the succimc acid tiiere distils over a 
quantity of volatile oil, of a li^t brown colour, used in 
pharmacy under the name of Oil of Amber, and amount- 
ing to about one-third in weight of the amber used. 

1640. Succinate of Amnumia forms acicular cry- 
stals, which sublime when cautiously heated. Its so- 
lution has been used as a test for iron, the peroxide of 
which it throws down from its neutral solutions in the 
fiMrm of a reddish brown precipitate. 

1643. Succinate of Potassa is a very soluble deli- 
quescent salt,crystallizable with difficulty in small prisms. 

1644. Succinate of Soda forms transparent four 
and six-sided prisms, considerably less soluble thim the 
preceding, and permanent in the air. 

1645. Succinate of Ume forms permanent and 
difficultly soluble crystals. 

1646. Succinate cf Baryta is formed by adding 
succinate of ammonia to muriate of baryta. A portion 
is thrown down in a pulverulent form, and a part in 
small crystalline grains. — Bebgman. 

1647. Succinate of Stroniia may be formed as the 
preceding, and presents similar properties. It bums 
with a fine red flame. 

1645. Succinate of Magnesia is deliquescent and 
uncrystallizable. 

1649. Succinate of Manganese \i2^ been examined 
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by Dr. John (Gehlen*s Journal, iv.) ^ It is crystalli- 
zable, and of a slight red tinge ; it consists of 30.27 
protoxide of maoganese + 69.73 acid and water. The 
theoretical constitution of succinate of manganese is . 

46.7 acid. 

36 oxide, 
so (hat the above salt is probably a bi-succinate. 

1650. Succinate of Iron. The protosucdnatc is 
crystallizable and soluble ; the persuccinatc is insoluble, 
and is thrown down in the form of a brownish red flaky 
precipitate from solutions of the peroxide of iron. This 
salt has been proposed as a means of separating iron in 
analysis, but is quite inapplicable in the greater number 
of cases. 

1651. Succinate of Zinc furnishes long slender 
crystals, which have not been examined. 

1652. Succinate of Tin. The succinic acid dis- 
solves protoxide of tin, and forms with it thin broad 
transparent crystals. 

1653. Succinate of Copper. There i^pear to be 
two varieties of this salt, a super-succinate and a sub- 
succinate. (For details respecting several of the suc- 
cinates, the reader is referred to Wrnzel's Lehre der 
Verwandtschafl der Korper; and to Gren, Handbuch, 
iii. 19.) 

1654<. Succinate of Lead. When succinic acid, or 
succinate of ammonia, is added to acetate of lead, a 
white precipitate of succinate of lead falls, composed, 
according to Berzelius, of 

Succinic acid 30.9 

Protoxide of lead 69. 1 

lOOT 
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lliese numbers give 46.7 as the representative of 
Mccinic acid, and, considering the succinate of -lead as 
composed of 1 proportional of each of its components, 
it will consist of 

Succinic acid 46.7 

Protoxide of lead 104.5 

IM.2 

Hie remaining succinates are not of sufficient im- 
portance to require enumeration. 

1655. llie resins are applied to a variety of useful 
parposea ; and dissolved in alcohol and oils they consti- 
tnte the different varnishes. 




Section XV Narcotu PrmdpUt. 

1656. The substance to which the narcotic power 
of opium is referable, has been examined with much 
attention by M. Serteumer ; he has termed if morphia. 

Morphia may be obtained from powdered opium by 
triturating it into a paste with ' dilute acetic acid : 
poor caustic ammonia into the filtered solution, and eva- 
porate ; during the evaporation a brownish sabstance 
separates, which, by digestion in a small quantity of 
cold alcohol, becomes nearly colourless, and is pure 
morphia. 

Morphia is sparingly soluble in water, but readily 
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soluble in alcohol and in ether, from which it may be 
obtained in quadrangular and octoedral crystak. It is 
highly poisonous and narcotic, even when administered 
in very small doses ; it is fusible and combustible. 

Morphia appears in some respects to possess the 
properties of an alcali ; it reddens turmeric, and forms 
crystallizable compounds with the acids. 

1657. Nitrate of Morphia forms acicular crystals, 
soluble in 1 .5 of water, at 60°. 

1658. Sulphate of Morphia crystallizes in prisms^ 
soluble in two parts of water, at 60°, and composed^ 
according to Pelletier and Caventou {Journal de Phar* 
madcy v.) of 

11 Sulphuric acid. 
89 Morphia. 

Too 

1659. Carbonate of Morphia forms prismatic 
crystals, soluble in 4 parts of water, at 60°, and- con- 
taining, according to Choulant (Annals of Phil, xiii.) 

28 Carbonic acid. 
23 Morphia. 
50 Water. 

locT 

These salts have a bitter taste, and are decomposed 
by ammonia ; they have, however, been but imperfectly 
examined. 

1660. In opium morphia is said to be combined with 
a peculiar acid, which has been called the meconic acid, 
and this combination is decomposed by tlic action of am- 
monia in the preparation of morphia. 
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The following process is said to afford pure meconic 
acid : Boil infusion of opium with magnesia, and digest 
the precipitate in alcohol ; mecomate of magnesia re- 
mains : dissolve this in dilute sulphuric acid, and add 
muriate of baryta, a precipitate falls, composed of sul- 
phate and mecomate of baryta; digest this in dilute 

• 

sulphuric acid, which decomposes the meconiate ; filter 
and evaporate, till brown crystals of impure meconic 
acid are deposited ; dry these crystals, and then heat 
them carefully in a retort, to sublime the meconic acid. 
White crystals are thus obtained, which fuse at 250°, 
and sublime without decomposition ; they are sour, and 
very soluble in water and alcohol. 

1661. Mecomate of Ammonia forms stellated crys- 
tals, soluble in 1.5 parts of water, at 60°, and composed, 
according to Choulant, of 

42 Ammonia. 

40 Meconic acid. . 

18 Water. 

100 

1662. Meconiate of Potassa forms four-sided tables, 
soluble in 2 parts of water at 60°, and composed of 

60 Potassa. 

27 Meconic acid. 

13 Water. 

100 

1663. Mecortiate of Soda forms efflorescent pris- 
matic crystals, soluble in 5 parts of water at 60°, and 
composed of 
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40 Soda. 

32 Meconic acid. 

28 Water. 



100 



1664. Mecomate of Lame affords prismatic crystals, 
soluble in 8 parts of water at 60^, and consisting of 

42 Lime. 
84 Acid. 
24 Water. 



100 



The equivalent number of meconic acid^ deduced from 
the above analyses, by Choulant, will be about 21. 

1665. MM. Pelletier and Caventoii, in analyzing 
the bean of St. Ignatius {Strt/chnos Ignatia), and the 
vomica nut (Strychnos nux tomica), discovered in them 
a peculiar principle, which they have termed Strych- 
nine, and which, like morphia, posseses alcaline pro- 
perties. The following is their process for obtaining 
it: Digest the raspings of the bean in sulphuric ether, 
which separates a green oily fluid ; pour this off, and 
treat the residuum with alcohol ; Alter the latter solution 
when cold, and evaporate ; it leaves a brown bitter 
substance, soluble in water and alcohol ; to its strong 
aqueous solution add a solution of potassa, which causes 
a precipitate, which, when washed with a little cold 
water, is white, crystalline, and very bitter. If not 
quite pure, it may be rendered so by solution in acetic 
acid, and precipitation by potassa. 

1666. Strychnine, or Strychnia, is nearly irvsoluble 
in water ; it dissolves in alcohol, and the solutions are 
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intensely bitter and poisonous. It reproduces the blue 
of vegetable colours reddened by acids. It crystallizes 
in small quadrangular prisms ; it has no smell, and is 
neither fusible nor volatile, but is decomposed at about 
600°' into products consisting of oxygen, hydrogen, and 
carbon. 

1667. The Salts of Strychnia are decomposed by 
potassa, soda, ammonia, baryta, strontia, and magnesia, 
the base being thrown down ; most of the other metallic 
salts are decomposed by strychnia, and with some it 
forms triple salts. 

1668. Sulphate of Strychnia forms cubic crystals, 
soluble in about 10 parts of water at 60^ ; its taste is 
bitter, and it. is decomposed by the alcalis. It consists of 

Sulphuric acid 9.5 

Strychnia 90.5 

100. 

1669. Muriate of Strychnia crystallizes in acicu* 
lar prisms more soluble than the sulphate. 

1670. Nitrate of Strychnia is formed by digesting 
excess of strychnia in very dilute nitric acid ; it yields 
stellated crystals, which acquire a red colour by the 
action of sulphuric acid. Nitric acid poured upon 
strychnia or its salts produces a deep red colour. 

1671. The discoverers of strychnia assert that it 
exists in the above-mentioned seeds, combined with a pe- 
culiar acid, somewhat resembling the malic, but suscep- 
tible of crystallization ; they have called it Igasuric Acid^ 
and the poisonous principle existing in the seeds, appears 
to be an igamrate of strychnia. 

1672. Brudne. This term has been applied to 
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a peculiar alcaline substance, obtained from Angostura 
bark, by the above-named chemists. Its properties, as 
far as they have been investigated, are described in the 
Annates de Ckimie(x\u p. 113.) and in the Quarterly 
Journal of Science and the Arts (ix. 189.) 

1673. Delphine is an alcaline principle, discovered 
by MM. Lassaigne and FeneuIIe in the seeds of staves- 
acre {Delphinium Staphysagria). They obtained it by 
the following process: The seeds, deprived of their 
husks, were boiled in distilled water, the decoction 
filtered, boiled with a portion of pure magnesia, and 
re-filtered ; the residue upon the filter was then boiled 
with highly rectified alcohol, by which the alcali was 
separated and obtained by evaporation in the form of a 
white pulverulent substance. 

Delphine, when pure, appears crystalline in its moist 
state ; its taste is bitter and acrid ; when heated, it 
melts, and on cooling becomes brittle like resin ; it is 
sparingly soluble in water, but readily soluble in alcohol 
and ether ; it renders the blue of violets green, andforms 
very soluble salts with the acids, from which the alcalis 
precipitate delphine in a white gelatinous state.-^AnnaUs 
de Chimie et Phys. xii. 358. 
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Section XVI. Bitumem, Coed, ^c. 

1674. Bitumens are fossile substances, bearing 
considerable resemblance to oily and resinous bodies. 
The chemical habitudes of several of these substances 
have been ably investigated by Mr. Hatchett. (Phil. 
Trans., 1804.) The following are the principal va- 
rieties: 

a. Ni^htha is a pungent, odoriferous, oily liquid, 
eiflier colourless or of a pale brown tint, found upon the 
borders of the Caspian Sea, and in certain springs in 
Italy. It is considerably lighter than water, volatile, 
and hig^y inflammable. When pure it appears to con- 
tain no oxygen, and hence is employed for the preserva- 
tion of potassium, and (he other highly oxidable metals. 
It consists, according to Saussure, of 

Carbon 87.21 

Hydrogen 12.79 

loo. 

b. Petroleum has most of the properties of naphtha, 
but is less fluid, and darker coloured. In the countries 
where it abounds, it is employed for burning in lamps. 

c. Mineral Tar appears to be petroleum further inspis- 
sated. It is more viscid, and of a deeper colour. 

d. Maltha, or Mineral Pitch, is a soft inflammable 
substance, heavier than water, and may be considered 
as derived from the exsiccation of mineral tar. 

e. Asphaltum is found abundantly on the shores of the 
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Dead Sea, in Albania, and in the island of Trinidad. 
Its colour is brown or black ; it is heavier than water, 
and readily soluble in naphtha. 

/. Elastic Bitumen, or Mineral Caoutchouc^ is found 
only in the vicinity of Castleton in Derbyshire. It is 
fusible and inflammable. 

g. Mineral Adipocere is a fatty matter found in the 
argillaceous iron ore of Merthyr : it is fusible at about 
160"^, and inodorous when cold, but of a slightly bitu- 
minous odour when heated, or after fusion. 

The above substances are insoluble in water, and 
difficultly soluble in alcohol, with the exception of 
naphtha and petroleum, which are soluble in highly^ 
rectified alcohol. 

h, Retirtasp/udtum is a substance which accompanies 
the Bovey Coal of Devonshire. It was first analyzed 
by Mr. Hatchett, who found it to consist of 

55 Resin. 
41 Asphaltum. 
4 Earthy matter and loss. 

t. PU Coal. There are three chemical varieties of 
this important substance. The first, or brown coal, re- 
tains some remains of the vegetables from which it has 
originated. When heated it exhales a bituminous odour, 
and burns with a clear flame. It is generally of a 
tough consistency, and yields, according to Mr. Hat- 
chett, a portion of unaltered vegetable extract, and 
resin. 

The second variety, or black coal, is the ordinary fuel 
of this country. It exhibits no traces of vegetable 
origin, and consists principally of bitumen and char- 
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coal, in variable proportions. When exposed to heat, 
it swells, softens, and bums with a bright flame, leaving 
a small quantity of ashes. Many varieties, however, 
abound in earthy matter, and these produce copious 
cinders, and bum with a less intense heat. 

The products of the destractive distillation of (his 
kind of coal have been ahready described (431). The 
residue is a hard sonorous charcoal, termed coke^ and 
containing the earthy ingredients of the coal. 

The third variety, or glance coal^ consists almost 
entirely of charcoal, and earthy matter. It bums 
without flame, and when distilled produces scarcely any 
gaseous matter. 

t. Peat and T\irf consist principally of the remains of 
vegetables, having undergone comparatively little change. 
They often contain bituminous wood, and branches and 
trunks of trees. 

/. MeUUUCf or Honey stone, is a rare substance, found 
in die brown coal of Thuringia and in Switzerland. It 
is of a honey yellow colour, crystallized in octoedra, 
and when analyzed by Klaproth, was found to consist 
of alumina, combined with a peculiar body which bos 
been called the mellitic add. — Klaproth*s Essays^ if. 
89. Vauquelin. Annates de Ckbnie, xxxvi. 203. 
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Section XVII. Vegetable Acids. 

1675. The following are the principal acids, which 
are found ready formed in vegetable products : 

1. Tartaric acid. 

2. Oxalic acid. 

3. Citric acid. 

4. Malic acid. 

5. Gallic acid. 

6. Benzoic acid. 

i. Tartaric Acid. 

1676. This acid exists in several vegetable sub- 
stances ; it is one of the sour principles of many fruits, 
and is said to be abundant in the potato-apple. Tar- 
taric acid is generally " obtained from the bi-tartrate of 
potassa. Mix 100 parts of this salt in fine powder with 
30 of powdered chalk, and gradually throw the mixture 
into 10 times its weight of boiling water: when the liquor 
has cooled, pour the whole upon a linen strainer, and 
wash the white powder which remains with cold water : 
this is a tartrate of lime ; diffuse it through a sufficient 
quantity of water, add sulphuric acid equal in weight to 
the chalk employed, and occasionally stir the mixture 
during 21« hours ; then filter, and carefully evaporate the 
liquor to about one-fourth its original bulk ; filter again, 
and evaporate with much care nearly to dryness ; re- 
dissolve the dry mass in about 6 times its weight of 
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water, render it clear by filtration, evaporate slowly to 
the consistency of sirup, and set aside to crystallize. 
By two or three successive solutions and crystallizations, 
tartaric acid will be obtained in colourless crystals, 
soluble in 6 parts of water at 60^. According to Ber- 
zelius, the crystals contain 11.25 per cent, of water. 
The aqueous solution of tartaric, in common with the 
other vegetable acids, soon becomes mouldy, and suffers 
decomposition. 

1677. When tartaric acid is submitted to destruc- 
tive distillation, it affords a brown acid Uquor, which 
has been termed pyrotartarous acid. 

1678. According to Berzelius, the tartrate of leady 
which is an insoluble salt, and easily formed by adding 
tartaric acid to a solution of nitrate of lead, consists of 

Tartaric acid 100 

Oxide of lead 167 

And regarding this salt as composed of 1 proportional 
of acid and 1 of oxide, we obtain the number 62.5, as 
the representative of tartaric acid, for 

167 : 100::10t.5 : 62.5. 

1679. Tartaric acid combines with the metallic 
oxides, and produces a class of salts called tartrates^ the 
composition of which will be obvious from the preced- 
ing datum. 

1680. Tartrate of ammonia forms very soluble 
prismatic crystals, of a cooling taste. The addition of 
tartaric acid to its aqueous solution produces a precipi- 
tate of a difficultly soluble bi-tartrate of ammonia. 

1681. Tartrate of Potassa is formed by saturating 
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the excess of acid in tartar^ by potassa. According to 
Mr. Richard Phillips {Remarks on the PharmacopfiBia^) 
100 parts of tartar require 4>3.5 of carbonate of po- 
tassa. The resulting salt is soluble in less than twice 
its weight of water ; it crystallizes in foor-sided prisms, 
and consists of 

1 proportional acid = 63.5 

1 potassa =45 

Tartrate of potassa =107.5 

This salt is used in pharmacy as an aperient ; it is 
the potasses tartras of the Phamuicopteia. Its taste is 
saline, and somewhat bitter. 

1682. BitartratCy or Supertartrate of potassa. Tar- 
tar. This substance exists in considerable abundance 
in the juice of the grape, and is deposited in wine casks, 
in the form of a crystallized incrustation, called argol^ 
or crude tartar. It is purified by solution and crystal* 
lization, which renders it perfectly white : when in fine 
powder it is termed cream of tartar. 

It may also be formed by adding excess of tartaric 
acid to a solution of potassa. The mixture presently 
deposits crystalline grains, and furnishes a striking ex- 
ample of the diminution of solubility by increase of 
acid in the salt. Upon this circumstance the use of 
tartaric acid as a test for potassa depends, for soda 
forms an easily soluble supertartrate and consequently 
affords no precipitate. (578.) 

Bi-tartrate of potassa is composed of 

2 proportionals of acid . . = 125 
1 proportional of potassa = 45 

Bi-tartrate of potassa = 170 
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This salt requires 120 parts of water at 60°, and 30 
parts at 212*" for its solution. 

When exposed to heat, tartar fuses, blackens, and is 
decomposed ; and carbonate of potassa is the remain- 
ing result (569). Provided the tartar be free from 
lime, which however is* seldom the case, this furnishes 
a good process for obtaining pure carbonate of potassa. 
The aqueous solution of tartar becomes mouldy when 
exposed to air, and the tartaric acid being entirely 
decomposed leaves a weak solution of carbonate of 
potassa* 

The component parts of tartar render it an excellent 
flux in the reduction of metallic ores upon a small scale, 
its alcali promoting their fusion, and the carbonaceous 
matter tending to reduce the oxides. 

1683. Tartrate of Potassa and Ammonia is formed 
by saturating the excess of acid in tartar with ammonia. 
It effloresces and loses ammonia by exposure to air. 

1684*. Tartrate of Soda forms acicular crystals 
soluble in their own weight of water. Tartaric acid, 
added to their solution, forms a supertartrate of soda, 
much more soluble than the corresponding salt of po- 
tassa. 

1685. Tartrate of Potassa and Soda is prepared 
by saturating the excess of acid in tartar, with car- 
bonate of soda ; it is the soda tartarizata of the Phar- 
macopana ; it forms irregular prismatic crystals. It has 
long been used in pharmacy under the name of Rochelle 
Salt and Sel de Seignette. According to Vauquelin's 
analysis (Fourcrot's Connaissances, vii. 240.) this salt 
consists of 54« tartrate of potassa + 46 tartrate of soda 
per ce7it. : these numbers agree with 

VOL. III. c 



82 TARTRATE OF LIMB, BARYTA, ^C. 

2 proportionals of acid . . = 125 

1 — : potassa = 45 

1 soda.. = 29.5 

199.6 

1686. Tartrate of Lime is nearly insolablein cold 
water, but soluble in 600 parts of boiling water ; it is pro- 
duced by adding chalk to tartar, as in the process for 
obtaining tartaric acid, where it is decomposed by sul- 
phuric acid. 

1687. Tartrate of Potassa and LAme may be formed 
by adding lime-water to solution of supertartrate of po- 
tassa, till it begins to become turbid : in a few days 
acicular crystals of the above triple salt are deposited, 
which effloresce when exposed to air. 

1688. Tartrate of Baryta is a difficultly soluble 
salt. 

1689. Tartrate of Strontia is thrown down on 
mixing the solutions of tartrate of potassa and nitrate 
of strontia. It dissolves in rather more than 300 parts 
of* boiling water, and forms small crystals as the solu- 
tion cools. 

1690. Tartrate of Magnesia is precipitated from 
the sulphate by tartaric acid : it is soluble in excess of 
tartaric acid, and forms a crystallizable salt. 

1691 . Tartrate of Manganese, formed by dissolying 
protoxide of manganese in tartaric acid, is a soluble 
salt, and therefore not produced by adding tartaric acid 
or a neutral tartrate to protomuriate or protosulphite 
of manganese. 

1692. Tartrate of Iron. Both the tartrates of 
iron are easily soluble, and no precipitate informed by 
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tartaric acid, or by tartrate of potassa, in solutions of 
iron. 

1693. Tartrate of Iron and Potassa. This is the 
Ferrum tartarisatum of the Pharmacapcsia, but it is 
most couTeniently employed as a medicine in solution, 
which may be formed by digesting 1 part of soft iron 
filings with 4 of tartar ; this mixture should be made 
into a thin paste with water, and digested for some 
weeks, till the acid is neutralized, fresh portions of 
water being occasionally added to prevent exsiccation. 
The solution of this compound, which contains the 
iron in the state of peroxide, is possessed of some cu- 
rioos properties, first pointed out by Mr. R. Phillips. 
— ExperimefUal Examination of the London Pharma- 
capceiay 98. 

1694. Tartrate of Zinc is formed by adding tar- 
trate of potassa to sulphate of zinc, and appears to be 
a very difficultly soluble compound. 

1695. Tartrate of Tin. Tartrate of potassa oc- 
casions a white precipitate in the protomuriate and per- 
mnriate of tin. 

1696. Tartrate of Potassa and Tin is formed by 
boiling the oxide in solution of tartar ; it is very so- 
luble, and the addition of alcalis and their carbonates 
occasion no precipitates. — Thenard, Annales de Chin. 
xxxviii. 

1697. Tartrate of Copper is produced by adding 
tartaric acid to sulphate of copper. It forms bluish- 
green crystals. 

1698. Tartrate of Potassa and Copper is formed 
by boiling oxide of copper and tartar in water ; the 
solution yields blue crystals on evaporation ; or if boiled 

G2 
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to dryness, furnishes one of the pigments called Btwu- 
ivick green. 

1699. Tartrate of Lead is thrown down in the 
form of an insoluble white powder on adding tartaric 
acid to solution of nitrate of lead. Its composition 
has already been adverted to (1678). 

1700. Tartrate of Potassa and Lead is formed, 
according to Thenard, by boiling a mixture of tartar 
and oxide of lead in water. — Annates de Cfdm., xxxviii. 

1701. Tartrate of Antimony has not been ex- 
amined. 

1702. Tartrate of Antimonj/ and Potassa. Emetic 
Tartar. This compound may be obtained by boiling 
protoxide of antimony, obtained by any of the pro- 
cesses formerly described (907) with pure supertartrate 
of potassa. It is the antimonium tartarizatum of the 
London P/iarmacopcpia. 

Emetic tartar may be prepared by boiling a solution 
of 100 parts of tartar with 100 parts of finely levi- 
gated glass of antimony, or of the protoxide described 
abcrve (907); the ebullition should be continued for 
half an hour, and the filtered liquor evaporated to 
about half its bulk, and set aside to crystallize : octoe- 
dral and tetraedral crystals of the emetic salt are thus 
obtained ; and there is generally formed along with 
them a portion of tartrate of lime and potassa, which 
is deposited in small tufts of a radiated texture, and 
which may easily be separated when the mass is dried. 

Mr. Phillips, in his Experimental Examination of the 
London Pharmacopcsia, has stated several facts respect- 
ing the formation of this salt, which will be found use- 
ful to the manufacturer. 



TARTRATE OF COBALT, URANIUM, ^C. 85 

Emetic tartar is a white salt, slightly efflorescent, 
sohible in about 14 parts of cold and 2 parts of boil- 
ing water. It is decomposed by the alcalis, and when 
heated with ammonia, a portion of protoxide of an- 
timony is thrown down, and a very soluble compound 
remains in the liquor. Sulphuretted hydrogen and hy- 
drosulphuret of ammonia produce orange-coloured pre- 
cipitates in its solution. It is decomposed by bitter 
and astringent vegetable infusions, bfit they do not 
render it inactive as a medicine. Mr. Phillips has 
riiown that emetic tartar consists of 100 supertartrate 
of potassa + 66 protoxide of antimony. If we con- 
sider it, with Dr. Thomson, (System, ii. 670.) as a 
compound of 2 proportionals of tartaric acid, 2 of prot- 
oxide of antimony, and 1 of potassa ; or as containing 
1 proportional of tartrate of potassa and 1 of subtar- 
trate of antimony, its components will stand thus : 

Tartaric acid 62.5x 2 = 125 

Protoxide of antimony, 52.5 x 2 = 105 
Potassa = 45 

275 

1703. Tartrate of Bismuth has not been exa- 
mined, but moist oxide of bismuth boiled with tartar 
forms a difficultly soluble triple salt. 

1704. Tartrate of Cobalt. Tartrate of potassa 
forms no precipitate in solutions of cobalt, but their 
colour is much heightened by it. 

1705. Tartrate of Uramum is a very soluble salt, 
not easily crystallizable. 

1706. Tartrate of Titardum appears to be a so- 
luble compound. 
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1707. Tartrate of Cerium, according to Hisinger 
and Berzelius, is formed by adding tartrate of potassa 
to sulphate, nitrate, or muriate of cerium. It is a soil 
tasteless powder, soluble in nitric, muriatic, and sul- 
phuric acids, and in the alcalis. 

1708. Tartrate of Nickel, formed by digesting 
moist oxide of nickel in tartaric acid, is a very soluble 
salt; tartaric acid occasions no precipitate in the so- 
luble salts of nickel. 

1709. Tartrate of Mercury. Tartaric acid occa- 
sions white precipitates in all the solutions of oxide of 
mercury not containing excess of acid. 

1710. Tartrate of Potassa and Mercury is formed, 
according to Thenard, by adding solution of tartar to 
nitrate of mercury. 

1711. Tartrate of Silver. Tartaric acid occa- 
sions no change in nitrate of silver, but tartrate of 
potassa forms a white precipitate, which is probably a 
tartrate of silver. 

1712. Tartrate of Silver and Potassa is thrown 
down by adding tartar to nitrate of silver. 

1713. Tartrate of Alumina is a soluble uncrys- 
tallizable compound of an astringent flavour. 

ii. Oxalic Acid. 

1714. This acid is found in some fruits, and in 
considerable quantity in the juice of the Oxalis Aceto- 
sella, or wood sorrel, and in the varieties of rhubarb. 
It is most readily procured by the action of nitric acid 
upon sugar, and has hence been termed acid of sugar. 

It may be obtained by introducing into a retort 4 
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ounces of nitric acid dilated with 2 of water and 1 ounce 
of white sugar ; nitric oxide gas is copiously evolved, and 
when the sugar has dissolved, about one-third of the acid 
may be distilled over : the contents of the retort are then 
emptied into a shallow vessel, and in the course of two 
or three days an abundant crop of white crystals is de- 
posited, and, upon further evaporation of the mother- 
liquor, a second portion is obtained. The whole crys- 
talline produce is to be re-dissolved in water, and again 
crystallized, by which the pure acid is obtained. In 
this way sugar yields rather more than half its weight 
of oxalic acid. 

1715. Oxalic acid thus procured is in the form of 
four-sided prisms, transparent, and of a very acid taste : 
they dissolve in two parts of water at 60°, and in their 
own weight at 212°. When carefully dried, they fall 
to powder, and lose more than one-third of their 
weight, being composed, according to Berzelius, (Arm. 
de Chim., Ixxxi.) of 

Real acid 62 

Water ^ 

Too 

1716. By repeated distillation with nitric acid, oxalic 
acid is resolved into carbonic acid and water ; and the 
acid itself, and the salts containing it, as is the case 
with the other vegetable acids, are decomposed by 
heat. By distilling oxalate of lime. Dr. Thomson 
found the acid resolved into five new substances; 
namely, water, carbonic acid, carbonic oxide, carbu- 
retted hydrogen, and charcoal ; and by a very elaborate • 
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analysis of these gases, he determined the composition 
of the acid as follows : 

Oxygen 64 

Carbon 32 

Hydrogen 4 

Too 

which numbers do not quite correspond with those given 
by Gay-Lussac and Thenard (p. 17). 

1717. The number representing the oxalic acid, 
founded upon Dr. Wollaston's analysis of the bin- 
oxalate of potassa, (Phil. Trans. ^ 1804.) and upon 
Berzelius's analysis of the oxalate of lead, (AmuUes de 
Chtmie, No. 24<3.) is about 35.3. According to the 
latter chemist, oxalate of lead consists of 100 oxalic 
acid + 296.6 oxide of lead, and 

296.6 : 100 :: 104.5 : 35.23. 

The number deduced from the mean of the best ana- 
lyses of oxalate of lime, is 35.7 ; and, accordingly, 
the mean of these, which is about 35.5, may without 
material error be adopted as the representative number 
of oxalic acid, and the composition of the oxalates 
will be obvious accordingly. 

1718. Oxalate of Ammonia is a very useful test for 
the presence of lime. It crystallizes in long prisms, of 
which 45 parts require 1000 of water for their solution. 
Added to any soluble compound of lime, this salt pro- 
duces an iasoluble oxalate of lime. 

1719. Oxalate of Potassa forms flat rhomboidal 
crystals soluble in 3 parts of water at 60°. It con- 
sists of 35.5 acid + 45 potassa. This salt, dissolved 
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in oxalic acid, produces the binoxalate ofpotassa, which 
crystalh'zes in four-sided prisms, and consists of 2 pro- 
portionals acid 35.5 x 2 = 71 +45 potassa. When 
this binoxalate is digested in dilute nitric acid, a por- 
tion of the alcali is taken up, and a salt remains, con- 
sisting of 4 proportionals of oxalic acid 35.5 x 4 = 
142 + 1 proportional potassa = 45. This is the 
quadroxalate of potassa^ and is the salt which exists in 
the wood-sorrel. 

1720. Oxalate of Soda is sparingly soluble in 
water, and separates from its solution in small crystal- 
line grains. 

1721. Oxalate of Ldme. This compound is formed by 
adding oxalic acid or oxalate of ammonia to any solution 
of lime. It is insoluble in water, and in excess of 
oxalic acid, but dissolves in muriatic and nitric acids : 
hence in testing acid solutions for lime by oxalic acid, 
or oxalate of ammonia, the .excess of acid should be 
previously neutralized. This oxalate consists of 35.5 
acid + 26.5 lime = 62. oxalate of Hme ; or of 

42.74 lime 
57.26 acid 

100.00 

Vogel's analysis gives 

43.75 lime 
56.25 acid 



100. 
Annals of Philosophy, Vol. v. 30. 

1722. The Oxalates of Strontia, Baryta, and Mag- 
nesia, are very nearly insoluble, and with most other 
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metallic oxalates may be formed by double decompo- 
sition. They consist respectively of one proportional 
of each of their components. 

1733. When black oxide of manganese and superox- 
alate of potassa are triturated together and moistened^ 

carbonic acid is evolved ; and on adding more water, and 
filtering, a red solution, containing oxalic acid, potassa, 
and deutoxide of manganese is dbtained, which after a 
time becomes colourless, and a triple salt is formed, 
containing the protoxide of manganese. 

1724. Oxalate of Iron. The protoxalate crystal- 
lizes in green prisms, and may be formed either by 
digesting the metal, or dissolving the protoxide in the 
acid. The peroxalate is thrown down from the pcr- 
muriate or persulphate of iron, in the form of a diffi- 
cultly soluble yellow powder, which is taken up again 
by excess of oxalic acid: hence the use of this acid in 
removing iron-moulds, which it does without injuring 
the texture of linen. 

1725. Oxalate of Zinc is formed by adding oxalic 
acid to a soluble salt of ziric : it is a white powder, 
nearly insoluble. 

1726. Oxalate of Tin is formed, according to 
Bergman, by digesting the metal in the acid: the 
solution, slowly evaporated, gives prismatic crystals. 

1727. Oxalate of Copper. Oxalic acid oxidizes 
and dissolves copper. When oxalic acid is added to 
persulphate or pernitrate of copper, a difficultly soluble 
peroxalate of copper is thrown down. The theoretical 
composition of this salt is 1 proportional peroxide of 
copper = 75. + 2 of oxalic acid 71. = 146. 

1728. Oxalate of Copper and Ammonia. This, 
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and several other triple oxalates of copper, have been 
described by Vogel. (Schweigger's Joumo/, vii.) By 
digesting peroxalate of copper in a solution of oxalate 
of ammonia and filtering, rhomboidal crystals were 
obtained on evaporation, which detonate when sud- 
denly heated: when slowly heated they merely lose 
water and ammonia. From the analysis of this salt 
it evid^itly consists of 3 proportionals of oxalate of 
ammonia, I peroxalate of copper, and 6 water. 

By digesting oxalate of copper in caustic ammonia, 
and pouring the solution thus obtained into a shallow 
basin, it deposits flat six-sided prisms of a blue colour, 
which effloresce on exposure to air. The undissolved 
portion of the oxalate also combines with ammonia, 
and produces another distinct compound. Dr. Thomson 
has given the following view of the composition of 
these salts. — System, ii., 624«. 

Itt. Sobfpeciet. M. 8ab«pecles. 9d. Snbcpedcs. 

Oxalic acid 4 prop*** 2 .... 2 

Ammonia 2 «... 2 .... 1 

Peroxide of copper .. 1 .... I .... I 

Water 6 2 

1729. Oxalate of Copper and Potassa is obtained 
by digesting percarbonate of copper in solution of 
binoxalate of potassa. Acicular and rhomboidal cry- 
stals are formed, which Vogel considers as two distinct 
salts. — Thomson's System, ii.,- 620. 

1730. Oxalate of Copper and Soda. Vogel has 
also described two subspecies of tliis salt. — Schweig- 
ger's Jowma/, vii.; Thomson, ii, 621. 

1731. Oxidate of Lead is thrown down in crystal- 
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line grains on adding oxalic acid to nitrate of lead. 
Its composition has already been stated (1717). 

1732. Oxalate of Antimony has not been examined. 

1733. Oxalate of Bismuth is deposited in crystal- 
line grains, when solution of oxalic acid is dropped into 
nitrate of bismuth. 

1734. Oxalate of Cobalt is an insoluble red powder, 
precipitated by oxalic acid from solutions of cobalt. 

1735. Oxalate of Uranium is a soluble compound. 

1736. Oxalate of Nickel is thrown down from the 
nitrate in the form of an insoluble green powder. 

1737. Oxalate of Mercury is precipitated from the 
nitrate by oxalic acid. It is scarcely soluble, and de- 
tonates when heated. 

1738. Oxalate of Silver is an insoluble white 
powder, which blackens by exposure to light. It is 
precipitated on adding oxalic acid to nitrate of silver, 
and is soluble in nitric acid. 

1739. Oxalate of Alumina is easily formed by dis- 
solving the newly precipitated earth in oxalic acid : it 
does not crystallize, but affords on evaporation a gela- 
tinous mass, which deliquesces on exposure. 

1740. The oxalic acid swallowed in large doses 
is an active poison, and fatal cases are not unfrequent 
in which this acid is taken by mistake for Epsom salt 
The instant that the accident is discovered, a quantity 
of powdered chalk diffused in warm water should be 
taken, and vomiting excited as speedily as possible. 
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iii. Citric Acid. 

1741. Citric acid is obtained by the following 
process from lemon or lime juice : 

Boil the expressed juice for a few minutes, and when 
cold, strain it through fine linen : tlien add powdered 
chalk as long as it produces eifervescence, heat the 
mixture, and strain as before : a quantity of citrate of 
lime remains upon the strainer, which, having been 
washed with cold water, is to be put into a mixture of 
sulphuric acid with 20 parts of water : the proportion 
of acid may be about equal to that of the chalk em- 
ployed. In the course of 24 hours the citrate of lime 
will have suffered decomposition, and sulphate of lime 
is formed, which is separated by filtration* The filtered 
liquor, by careful evaporation, as directed for tartaric 
acid, furnishes crystallized citric acid. 

The preparation of this acid is carried on by a few 
manufacturers upon an extensive scale ; in different 
states of purity it is employed by the calico-printers, 
and used for domestic consumption. Many circum- 
stances which have not here been alluded to, are re- 
quisite to ensure complete success in the operation ; 
these have been fully described by Mr. Parkes, in the 
third volume of his Chemical Essays. The proportion 
of citric acid afforded by a gallon of good lemon-juice, 
is about 8 ounces. 

1742. Citric acid forms crystals of a very sour 
taste, soluble in their own weight of water at 60°, and 
containing, according to Berzelius, 100 real acid + 



W CITRATE OF AMMONIA. 

96.5 water, a portion of which it loses by exposure to 
heat. The analysis of this, as well as of the otlier 
vegetable acids given by Berzelius, difl'ers considerably 
from that of Gay-Liissac and Thcnard, in consequence, 
as it would appear, of the latter chemists having neg- 
lected the exclusion of water of crystallization. Ber- 
zelius gives its constituents as follow : 

Oxygen 5t.831 

Hydrogen 3.S0O 

Carbon 41.369 

TooTooo 

1743. From the analysis of citrate of lead, the re- 
presentative number of citric acid appears to be 55.5; 
a number which closely corresponds with Berzelius's 
estimate of its constitution, which is 

4 proportionals of oxygen .... 7.5 x 4 =: 30 

3 hydrogen . . 1x3=3 

4 carbon 5.7 x 4 = 22.8 

The number 55.5, therefore, may be adopted. 

17-14. Citrate q/"^mnioniacrystalIizeswith difficulty 
in prisms. 

1745. Citrate of Potassa is very soluble, deliques- 
cent, and difficultly crystallizable. It is much used in 
medicine as a mild diaphoretic, and is the Salt of 
Riterius of old pharmacy. 

1746. Citrate of iSoda is dilBcultly crystallizable 
in hexaedral tables, of a saline flavour, and soluble in 
somewhat less than two parts of cold water. 

1747. Citrate of Lime has been adverted to in 
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the preparation of citric acid. It is nearly tasteless, 
and scarcely soluble in water, but readily soluble in 
solution of citric acid : when moistened it soon grows 
mouldy if exposed to air. It consists of 

1 proportional acid = 55.5 
1 lime = 26.5 

827 

100 parts, therefore, of citrate of lime may be re- 
garded as composed of 

67 citric acid 
33 lime 



100 



1748. Citrate of Baryta is difficultly soluble, and 
forms acicular crystals, readily soluble in excess of 
nitric acid. 

1749. Citrate of Strontia is crystallizable and so- 
lable. 

1750. Citrate of Magnesia does not crystallize. 

1751 . Citrate of Manganese is formed by digesting 
moist protoxide of manganese in citric acid ; it pro- 
duces white arborescent crystals. 

1752. Citrate of Iron. The action of citric acid 
on the oxides of iron has not been examined. 

1753. Citrate of Zinc. Zinc dissolves in citric 
acid with effervescence : citric acid readily dissolves the 
oxide of zincy and the solution deposits small crystals, 
scarcely soluble in water, and of an astringent taste. 

1754. Citrate of Tin. Neutral citrate of potassa 
forms no precipitate either in protomuriate or permu- 
riate of tin. 
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1755. Citrate of Copper. Citric acid forms a pale 
blue precipitate in solution of sulphate and nitrate of 
copper. 

1756. Citrate of Lead is thrown down in the state 
of a nearly insoluble powder when citric acid is added 
to nitrate of lead. It consists of 

55.5 acid 
104.5 oxide 



160. 



1757. Citrate of Antimoiiy is unknown. 

1758. Citrate of Bismuth is an insoluble white 
compound. 

1759. Citrate of Cobalt appears to be a soluble 
salt. 

1760. Citrate of Uranium, formed by digesting 
oxide of uranium in citric acid, is a soluble and diffi- 
cultly crystallizable salt. 

1761. Citrate of Nickel is not thrown down by 
adding either citric acid or citrate of potassa to the 
solutions of nickel. 

1762. Citrate of Mercury. Both the protocitraU 
and percitrate of mercury are insoluble, and thrown 
down when citric acid or a soluble citrate is added to 
the solutions of mercury. 

1763. Citrate of Silver is an insoluble white pow- 
der, which blackens by exposure to light. 
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iv. Malic Acid. 

1764*. The existence of a peculiar acid in the 
juice of apples, was shown by Scheele, in 1785. He 
obtained it by adding solution of acetate of lead to the 
expressed juice of unripe apples, by which a malate of 
lead was formed, and afterwards decomposed by sul- 
phmic acid. Yauquelin obtained it by a similar pro- 
cess, from the juice of the housdeck. The same acid 
exists, according to Braconnot, in the berries of the 
nunmtam^ish, from which it was first obtained by Mr. 
Donovan in 1815, and called by him serine acid; the 
apparent difierences between the malic and sorbic 
acids, are referable to the impurities of the former. 
Mr. Donovan has given the following process for its 
preparation. (Phil. Trans., 1815.) Express the juice 
of the ripe berries, and add solution of acetate of lead, 
filter, and wash the precipitate with cold water, then 
pour boiling water upon the filter, and allow it to 
pass through the precipitate into glass jars ; after some 
hours crystals are deposited, which are to be boiled 
with 2.3 times their weight of sulphuric acid, specific 
gravity 1.090. The clear liquor is to be poured ofi^, 
and, while still hot, a stream of sulphuretted hydrogen 
is to be passed through it, to precipitate the remaining 
lead ; the liquid is then filtered, and when boiled so as 
to expel the sulphuretted hydrogen, is a solution of the 
pure vegetable acid. 

Malic acid may also be obtained by steeping sheet- 
lead in the juice of apples ; in a few days, crystals of 

VOL. IlL H 
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malate of lead form, which may be collected and de- 
composed by the very careful addition of dilute sul- 
phuric acid. 

1765. Malic acid, when carefully prepared, is a 
colourless liquid, very soar, and not susceptible of crys- 
tallization. It forms crystallizable salts with many of 
the metallic oxides, which, however, have scarcely 
been examined with such precision as to enable us to 
determine the representative number of malic acid. 
A detailed account of what is known respecting them 
will be found in M. Braconnot's Memoir, (Atmales de 
Chim. et Pf^s.y Tom. vi.) His analysis of the crys- 
tallized malate of lead gives its composition thus : 

Acid 100. 

Oxide of lead. . 157.4 

If we deduce the number for the acid, from this 
datum, it will be 66, a number which closely cor- 
responds with the other analyses of the same anthor. 

1766. The ultimate component parte of this 
according to Vauquelin, are 

Hydrogen 16.8 

Carbon ^.3 

Oxygen 54.9 

,;5j->o^ 100.0 

\^TT: '• ' V. Gallic Acid. 



1767. This acid derives its name from the gaU* 
nuty whence it was first procured by Scheele. It may 
be obtained by the following process : 

Digest bruised galls in boiling water, with abont 
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one-sixQi tlieir wei^ of Tdknn catdiigs, for some 
hours; then allow the mixfaire to cool, and filter it. 
Add to flie filtered liquor a solution of acetate of lead, 
as loi^ as it occasions any precipitate ; pour the whole 
upon a filter, wash the precipitate with warm water, 
and digest it in very dilute sulphuric acid ; filter, and 
having saturated the clear liquor with' chalk, evaporate 
to dryness. Introduce the dry mass into a retort 
placed in a sand-bath, and upon the application of heat 
a portion of water will first rise, and afterwards a 
crystalline sublimate of gallic acid. 

1768. Hiere are many other processes for obtaining 
this acid, among which the following deserve notice : 
Moisten bruised gall-nuts, and expose them for four or 
five weeks, to a temperature of about 8(f. A mouldy 
paste is formedt which is to be squeezed dry, and di- 
gested in boiling water ; it then afibrds a solution of 
gallic acid, whidi may be whitened by animal charcoal, 
and whidi, on evaporation, yields gallic acid, ctystal- 
lized in white needles.— ^Braconnot, Annaks de Chim. 
€tPhyi.,T(m. ix. 18L 

Boil an ounce of powdered galls in 16 ounces of wa- 
ter down to 8, and strain ; dissolve 2 ounces of alum in 
water, precipitate the alumina by carbopate of potassa, 
and, after edulcorating it, stir it into the decoction ; the 
next day filter the mixture ; wash the precipitate with 
warm water, till this will no longer blacken sulphate of 
iron ; mix the warimig with the filtered liquor, evapo- 
rate, and die gallic acid will be obtained in acicular 
crystals. — Fbdlbr, Ure's Dictionary. 

1769. Gallic acid, when pure, is m whitish crys- 
tals, of a sour taste, and which exhale a peculiar smell 

H3 
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when heated. It dissolves in about 10 parts of water 
at 60°, and in two parts at 212°. It is also soluble in 
alcohol and in ether. When repeatedly sublimed, this 
acid is altered and in part decomposed. It consists, ac- 
cording to Berzelius (Annals of Philosophy, Vol. v.) of 

Hydrogen 5.00 

Carbon 56.64 

Oxygen 38.36 

100.00 
And, according to the same authority, galUUe of 
lead is composed of 

Gallic acid 100 

Oxide of lead 174 

These proportions give the number 60 as die repre- 
sentative of gallic acid. 

1770. The combinations of pure gallic acid wifli 
metallic bases have scarcely been examined, and con- 
sequently we have no accurate chemical history of the 
gallates. Their solutions are all very prone to decom- 
position, and acquire a deep brown colour. This acid 
forms no precipitate in solutions of potassa or of soda, 
but when dropped into lime-water, baryta water, or 
strontia water, it occasions the separation of a difficultly 
soluble gallate of those earths. It also causes a preci- 
pitate in solutions of zirconia, glucina, and yttria. 

1771. WTien an infusion of galls is added to cer- 
tain metallic solutions, it forms precipitates composed 
of tannin, gallic acid, and the metallic oxide, and as 
these are often of different colours, the infusion is em- 
ployed as a test for such metals. The following metals 
in solution are thus thrown down, of the annexed 
colours : 
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MKtXL. 1 BOHmON. 1 PRECIPITATE. 




IftON • 




SUM. ■ 




Bi.U 


ZlKC 


M.H.I. 


binj yHiow 


TIN . . 




Jilriw^coloar 


Dioo- . 




AddrttuBrlMt 


FiwiHoloiir 


CADUIl'H 




StirUu 




COPPKB . 






rdlowtonni 


Utuo. ■ 




Ftmitntt 


Cnuirnn 


LKID 




Mir.n 


DinJjJcUow 


ASTIMOM 




Tirlnir oCiDUmony and peluu 


SmacoliKU 


BDtMlTH 




taratU oC biiin«h and pouiu 


YrIlo-tDd<op[oa> 


COBALT . 




U.n.U' 


t 


I! RAM in 




Snlpbilt 


Bl.Uk bt.ck 


TITAKICH 




Atiid mirliK 


£|0>B 


DILU . . 




IJcnlriJ inlpluU 


Bl™l™l 


CBRIDM . 






YdJanlili 


tKLURIl'M 






Tdlo* 


ABSEKtC 




WUWoiide 


Ulll< chlBEI 


Ulllu . . 


Ar»niC4[td 


B 


MOLYBUEM 




Bm«« 


NICKBL : 




Sa]pli«. 


G.r«, 


NEKCl'BV 






V.110W 


DtaB. . 


Acid prmitmc 1 ^VKow 1 


m- . . 


CorroHK lObmnitf 


A 


OgtIlUH . 


Ai|a«i<uwlaUonor«iide 


Purvk bfcomini llop 


BHObltM . 






PALLADIUM 






0ILVER . 


Nhme 


Cnrclj' iHl brow Bin wimn( rims 


GOLD 


VarlU. 


D«p>"»" 


J-LiTINlM 


U~.Ul. 


Bru«BUhp"ii 



lOS. WRITING INK. 

The omitted metals are either not precipitated, or 
their action has not been examined. 

1772. Of these compounds^ the tarmogaUate of 
iron is of the most importance, as forming the basis of 
writing ink, and of black dyes. 

When an infusion of galls is dropped into a solution 
of sulphate of iron, it produces a deep purple precipi- 
tate, which is a very long time in subsiding; it becomes 
black by exposure to air. In writing ink, tbis precipi- 
tate is retained in suspension by mucilage, and the fol- 
lowing proportions appear the best which can be used : 

I^4nely bruised galls, 3 ounces 
Green vitriol (protosulphate of iron) 
Logwood shavings 
Gum arabic, of each 1 ounce 
Vinegar, 1 quart. 

Put these ingredients into a bottle, and agitate them 
occasionally during twelve or fourteen days ; then allow 
the coarser parts to settle, and pour off the ink for use. 
' The tendency of ink to become mouldy is much 
dimitiished by keeping a few cloves in the ink-bottle, or 
by dissolving in each pint of the ink about three grains 
of corrosive sublimate. 

The colour of common writing-ink is apt to fade, in 
consequence of the decomposition of its vegetable 
matter; and when thus illegible, it may often be re- 
stored by washing the writing with vinegar, and sub* 
sequently with infusion of galls. Acids also destroy 
its colouring matter, and those inks which resist their 
action, contain some other colouring principle, usually 
finely powdered charcoal. Common writing ink is, for 
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this reason, much improTed by dissolying in the qoan- 
tity abovementioned about an ounce of Indian ink^ 
whidi is lamp-black, made into a cake with isinglass. 

In dyeii^ black, the stuff is first impregnated with 
a solution of the gall-nut, and afterwards the colour is 
brought out by the application of sulphate, or acetate 
of iron (1596.) 

Upon these subjects much valuable information will 
be found in Lewis*s PhUasophical Commerce of the 
Arts^ and in Aikin's IHctionary. 

1773. In the Philos. Trans, for 1817, I have 
described the properties of a species of galls from 
China, whidi furnish very pure gallic acid, and which, 
could they be abundantly obtained, would certainly 
prove a valuable substitute for common galls, in many 
of the processes in which they are employed. 

vi. Benzoic Acid. 

1774. Benzoic acid may be obtained by sublima- 
tion, from benzoin^ which is a resinous exudation from 
the Styrax bcnzo^ of Sumatra ; it also exists in the 
Balsam of Peru and of Tolu. If these substances be 
heated in a crucible, with a cone of paper attached to 
its mouth, the acid condenses in it in fine acicular 
crystals, which were formerly called flowers of benzoin. 
A good process for procuring this acid is that recom- 
mended by Mr. Hatchett, which consists in digesting 
benzoin in sulphuric acid, when it affords a copious 
sublimate of pure benzoic acid. (Additianal ExperimenU 
en Tannin, Phil. Trans., 1808.) It may also he ob. 
tained by boilmg a pound and a half of powdcn;d 
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benzoin with 4> ounces of quicklime, in 6 or 8 quarts 
of water. When cold the clear liquor is decanted, 
and the residuum again boiled in half tlie former quantity 
of water. The liquors thus obtained are boiled down 
to half their bulk, filtered, and mixed with muriatic 
acid, as long as it occasions a precipitate, from whidi 
the liquor is poured off, and when dry it is put into an 
earthen vessel, placed in a sand heat, and sublimed into 
paper cones. 

In the tenth volume of Nicholson's Journal I have 
detailed several experiments on benzoin, and have 
shown the relative quantity of acid afforded by. the 
several processes which have been recommended for 
obtaining it. 

1775. Benzoic acid, when it has been thus sublimed, 
is in the form of soft feathery crystals, of an acrid and 
slightly sour taste, soluble in about 30 parts of boiling 
water, and very sparingly soluble in cold water. It is 
much more soluble in alcohol, and this solution easily 
furnishes it in prismatic crystals. 

1776. Berzelius' analysis gives the following as the 
components of this acid, and of the benzoate of lead : 

Hydrogen 5.16 

Carbon 74.41 

Oxygen 20.43 

100.00 

Benzoic acid 100] 

Oxide of lead 94^ 

4 

Whence it appears that the representative number of 
benzoic acid is 113. 



=- 



1777. Benzoate of Ammonia forms deliquescent 
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plumose crystals, very soluble in water. Berzelius re- 
commends this salt as a precipitant of iron, which it 
throws down of an orange colour. 

1778. Benzoate of Potassa is a very soluble de- 
liquescent salt ; if it be digested with benzoic acid, a 
JnbenzoaU of potassa results, which, according to 
Bucholz (Annales de Chimie, l&xxiv.) forms acicular 
and lamellar crystals, requiring ten parts of water for 
their solution. 

1779. Benzoate of Soda forms efflorescent crystals, 
very soluble in water. 

1780. Benzoate of Lime forms acicular crystals, 
sparingly soluble in cold water. Vauquelin* found this 
salt in the urine of the cow. Benzoate of ammonia 
forms a copious white precipitate when added to muriate 
of lime, which is soluble in hot water. 

1781. Benzoate of Baryta is soluble and crystal- 
lizable. 

1782. Benzoate of Strontia is also a soluble salt. 

1783. Benzoate of Magnesia forms soluble plumose 
crystals. 

1784*. Benzoate of Manganese forms beautiful pris- 
matic crystals. 

1785. Benzoate of Iron. Benzoate of ammonia 
forms an insoluble perbetizoate when added to solutions 
of peroxide of iron, of a yellow colour : in the proto- 
salts of iron it also forms a white precipitate. 

1786. Benzoate of Zinc forms soluble acicular 
crystals when there is excess of acid : the neutral 
benzoate is insoluble. 

1787. Benzoate of Tin is insoluble. 
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1788. Benzoatc of Copper is a fine blue insoluble 
compound. 

1789. Benzoatc of Lead is insoluble, except there 
be excess of acid ; it then forms nacreous crystals. 

1790. Benzoatc of Bismuth forms white acicular 
crystals, permanent in the air, soluble in water, and 
sparingly soluble in alcohol; (Trommsdorp, Ann. dc 
Chbn.y xi.) When benzoatc of ammonia is added to 
acid nitrate of bismuth, it forms an insoluble white 
precipitate ; Trommsdorf *s salt therefore is probably a 
bibcTizoate. 

1791. Benzoatc of Cobalt, Benzoate of ammonia 
forms no precipitate in solutions of cobalt 

1792. Benzoatc of Uramum is a difficultly soluble 
straw-coloured compound, when formed by adding ben- 
zoate of ammonia to nitrate of uranium. 

1793. Benzdate of Nickel. Solutions of nickel 
are only rendered slightly turbid by benzoate of am* 
monia, benzoate of nickel is probably therefore a 
soluble salt 

1794. Benzoate of Mercury. Benzoic acid ftmni 
white precipitates in the solutions of mercury. 

1795. Benzoate of Silver, obtained by digesting 
moist oxide of silver in benzoic acid, forms acicular 
crystals ; but benzoate of ammonia forms an abundant 
insoluble precipitate in solution of nitrate of silver. 

1796. , Benzoate of Alumina forms arborescent 
crystals. 



Besides the vegetable acids which have now been de- 
scribed, there are a few others of considerably inferior 
interest and importance ; namely, the 
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1797. MaroxjfUc add, discovered by Klaproth, in 
the bark of the maru$ alba, or white mulberry (Nichol- 
son's Journal, vii.) An exudation was observed upon 
this bark, which proved to be a compound of a peculiar 
acid and lime, or a moroxylate of lime ; its solution was 
decomposed hj acetate of lead, and the moroxylate of 
lead ttms obtained decomposed by dilute sulphuric acid, 
furnished a solution of moroxylic acid, which gave aci- 
cular crystals on evaporation. This acid has the taste 
of foccinic acid ; it is soluble iq water and alcohol, and 
dees not, like some of its salts, form precipitates in 
metallic solutions. The quantity of this acid, examined 
by Khprotfa, was so small as to leave some doubt re- 
specting its distinct nature. 

1798. Boletie acid was obtained by Braconnot from 
die boletus pseudo-ignarius [Ann. de C/dm. Tom. IxxxO 
by cautiously evq>orating its expressed juice to the 
thickness of sirup, digesting it in alcohol, dissolving the 
residue in water, and adding nitrate of lead to the aque- 
ous sohitim] ; the precipitate washed and difiused through 
water, was decomposed by sulphuretted hydrogen ; the 
li<pior was then filtered and evaporated till it formed 
crystals, which were purified by solution in alcohol and 
evaporation. These crystals are boletie acid ; ^ey are 
prismatic, and require 180 parts of water at 68^ and 
45 of alcohol for their solution, which reddens blues and 
precipitates * nitrate of lead, and the salts containing the 
peroxide, but not those of the protoxide of iron. This acid 
sublimeswith litde alteration, when heated. Braconnot has 
examined the boletates ofammorm^ potassa, lime, and ba- 
ryta, but bis researches have not as yet been confirmed by 
any other chemist — Thomson's Syst. 6th edit. ii. 157. 
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1799. Fungk acid was procured by the same chemist 
from the boletus juglandisy and some other fungi ; it is 
deliquescent and uncrystallizable.— u4n?ta/e^ de Chimie, 
Ixxxvii. 

1800. Kinic acid was discovered by Vauquelin, in 
Cinchona. When a strong cold infusion of this bark is set 
aside, crystals of kinate oflim^ are sparingly deposited by 
it, which may be decomposed by oxalic acid. The kinic 
acid is crystallizable, sour, and bitter: the iinates are 
for the most part soluble salts ; it is chiefly distinguished 
by forming no precipitate in solutions of lead and silver. 
— ilnna/e* de Chimie^ lix. 

1801 . In the astringent root of the Krameria tnandra, 
M • Peschier has announced the existence of what he con- 
siders as a distinct substance, which he calls krameric 
add. — Journal de Pharmacie, vi. 

1802. M . Braconnot has given the term Ellagic acid 
(from the word galle reversed] to an acid body which he has 
detected, along with gallic acid, in infusion of galls, but 
its characters have been but imperfectly ascertained. 

1803. Zumic add was discovered by the same che- 
mist in vegetable substances, which have undergone ace- 
tous fermentation — Thomson's SysL Vol. ii. p. 189. 



Section XVIII. Of the Parts of Plants. 

1804<. In the preceding Sections the principal 
proximate components of vegetables have been described. 
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and the composition of some of their detached parts has 
been adverted to ; such of these as have not been previ- 
ously noticed and as have been examined with any de- 
gree of precision, remain to be described in this Section, 
under the heads of 

Roots. 

Barks. 

Woods. 

Leaves. 

Flowers. • 

Seeds. 

Fruits. 

Bulbs. 

Lichens. 

Fungi. 

i. Roots. 

1805. a. Ipecacuanha. This root is the produce 
of the Callicocca Ipecacuanha (Linn^ean Trans, vi.) 
It has been examined by MM. Pelletier and Majendie, 
and an account of their researches is published b^ M. 
Robiquet, in the Annates de Chimie et Phys. iv. 172. 
100 parts of this root, deprived of the woody fibre 
which traverses its centre afforded 

Fatty matter 2 

Emetine 14 

Gum 16 

Starch 18 

Woody fibre 48 

A trace of wax 

Loss 2 

100 
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The means of separating the emetic principle have 
already been described (1580). 

1806. b. Valerian^ the root of the Valeriana officma- 
Hs, has been examined by Trommsdorf {Annales de Ckh 
mie^ Ixx.) The recent root loses about three-fourths its 
weight in drying. It affords, when distilled with water, 
an aromatic volatile oil ; it also contains starch, gum* 
resin, and extractive. 

1807. c. Turmeric is the root of the Curcuma 
longa, a plant cultivated in the ESast Indies, and used as 
a condiment, especially in Curry powder. • Digested in 
water or alcohol, it furnishes a large proportion of 
yellow colouring matter, which would be very us^ul to 
the dyer, could it be rendered permanent. Most of flie 
acids render it paler, and the alcalis change it to a deep 
brick-red ; hence its use as a test of the presence of 
alcaline matter. It is also reddened by boracic acid, 
and by muriatic acid gas. 

1808. d. Madder is the root of the Rubia TincUh 
rum, and is an article of great importance in dyeing ; 
it grows wild in most parts of the soulh of Europe, and 
is largely cultivated in some parts of Holland and the 
Levant ; its red colour is apt to be injured by drying, 
a process requiring much caution. Good madder has a 
strong and peculiar smell ; it exhibits, when cut, a cor- 
tical and a woody part of a red colour, intermixed in the 
former with yellow spots. The red portion is most 
soluble.-^AiKiN's Dictionary. Art. Dtbino. Beb- 
THOLLET, Elem. de Temture, ii. 

1809. e. Rhubarb is the root of the Rheum pal- 
malum, largely cultivated in the northern parts of China ; 
its colour is brown, with streaks of red and white. Hie 
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following are the component parts, separable from the 
finest kinds of Turkey rhubarb. — ^Brande, Quarterly 
Journal of Science and the Arts, x. 291. 

Water 8.2 

Gum 31.0 

Resin 10.0 

Extract, tan, and gallic acid 26.0 

Phosphate of lime 2.0 

Malate of lime 6.5 

Woody fibre 16.3 

lOOO 

1810. lAquoricey the root of the Glycyrrhiza glabra^ 
has been examined by M. Robiquet, who found in it 
the following substances. — Annates de Chimie, Ixx. 

i« Starch. 

ii. Gluten. 

iii. Liquorice sugar ; 

yi. Phosphate and malate of lime and magnesia, 

y. An acrid oil, 

vi . A cry staltizable substance resembling asparagin. 

vii. Woody fibre. 

The sugar is soluble in water and in alcohol, but not 
convertible into alcohol by fermentation ; nor into oxalic 
by the action of nitric acid. 



1811. Jo/ap, the root of the Convolvulus Jalappa, 
is employed in medicine as a cathartic. It is imported 
from South America. It has not been submitted to 
any accurate chemical analysis, but its activity is gene- 
rally regarded as chiefly resident in its resin. The finest 
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and densest jalap affords about 12 per cent, of resin, 
when digested in alcohol ; water takes up about 30 or 
35 per cent, of the remainder, and the residue appears 
to be inert woody fibre. 

1812. GentiajiiH the root of the Gentiana lutea ; v^- 
cording to Mr. Henry (Annals of PkUosophy, xvi. 89,) 
it contains the following substances : 

i. A substance resembling bird-lime, 
ii. A resin combined with an oil, which gives to gen- 
tian its peculiar odour, 
iii. A bitter extractive principle, 
iv. Gum and colouring matter. 
V. Phosphate of lime ? 



ii. Barks. 

1813. a. Cinchona. The varieties of Peruvian 
bark have been examined by MM. Pelletier and Ca- 
ventou. In the cinchona landfolia, or pale bark, they 
found the following constituent parts : 

i. Cinchonine, combined with kinic acid, . 

. ii. Green fatty matter, 

iii. Red and yellow colouring matter, 

iv. Tannin. 

V. Kinate of lime, 

vi. Gum. 

vii. Starch, 

viii. Lignin. 

1814. Cinchonine, according to the above chemists, 
is a salifiable base, forming white acicular crystals, and 
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reqpnriiig 7000 parts of water for solution ; dissolved in 
alcohol it has a bitter taste. It is difficultly soluble in 
the fixed and volatile oils and in ether. 

1815. Sulphate of Cinchanine is easily crystalliz- 
ahle, and moderately soluble ; it consists of 

Cinchonine 100 

Sulphuric acid 13 

1816. MuriaU of Cinchonine is much more soluble 
than the sulphate^ and contains 

Cinchonine 100 

Muriatic acid 7.9 



ft 



1817. Nitrate ofCinchomne appears to be uncrys- 
talUzable. Gallic, oxalic, and tartaric acids form diffi- 
cultly soluble salts vrith cinchonine; the precipitate 
occasioned by dropping tincture of galls into infusion of 
pale bark is a gallate of cinclionme. 

1818. In the yellow bark {cinchona cordifolia) 
MM. Pelletier and Caventou discovered a salifiable 
base, which they term Qidnmef the sulphate of which is 
composed of 

Quinine 100 

Sulphuric acid 10.9 

1819. Acetate of Quinine forms bundles of flat aci- 
cular crystals, while the corresponding salt of cinchonine 
crystallizes in small tables. The gallate, oxalate, and 
tartrate of quinine, are nearly insoluble, but quim'ne is 
very soluble in sulphuric ether. 

1^0. In the red bark (cinchona oblongifolia) the 
two saUfiable bases above described are found united. — 
Quarterly Journal of Science and the Arts, x. 388. 

VOL. III. I 
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1821. b. Ca^carilla, the bark of the Crotan &eih 
theria contaips, accordiDg to Trommsdorff — Annala dc 
Chimie^ xxii. 

Parts. 

Mucilage and bitter principle 864 

Resin 688 

Volatile oil 75 

Water 48 

Woody fibre 3024 

4696 

1822. c. The bark of the horse chestma (JEsctdm 
kippocasUmum,) has been partially examined by M. 
Henry (Annales de Chimie, Ixxvii.) It appear^ to con- 
tain scarcely any resin ; water and diluted alcohol dissolve 
nearly the whole of its soluble contents, which are chiefly 
extractive and mucilage. Tincture of galls does not 
render its infusion turbid, it does not therefore probably 
contain the peculiar substances discovered in Peruvian 
bark. 



iii. Woods. 

1823. a. Brazil Wood is the produce of the CoMui' 
pijia crista, growing in Brazil, in the Isle of France, 
Japan, and other countries : the wood is hard and heavy, 
and though pale when recent, it acquires a deep red 
colour by exposure. Digested in water it affords a 
fine red infusion, of a sweetish flavour ; thQ residue, 
which appears nearly black, imparts much of its colour 
to alcaline liquors. With alcohol it gives a deep red 
tincture : alcalis and soap convert its^^ red colour to a 
fine purple, hence paper tinged with Brazil wxiod is 
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sometimes used as a test for alcalis; acids render it 
jellow ; alum produces a fine crimson lake with infu- 
sioii of Brazil wood ; muriate of tin forms witii it a 
erimson precipitate, bordering on purple ; the salts of 
iron give a dingy purple colour. Sulphuretted hydrogen 
destroys the colour of infusion of brazil wood, but it re- 
appears on expelling the gas. — Chbyreul, Aimalts Je 
Chknie, Ixvi. 

1834. b. Red Sandal, or Saunders, is the wood of 
the Pteroearpus santalmus, a native of several parts of 
India. Its deep red colouring matter is insoluble in 
water, but readily soluble in alcohol ; it is chiefly enf- 
ployed for colouring a few pharmaceutical tinctures. 
The insolubility of its colouring principle in water fur- 
nishes a ready mode of distinguishing between it and 
brazil wood; apd its solubility in alcohol renders it 
probable that it is of a resinous natur^. 

1825. c. Logwood, the produce of the Hasmatoxylon 
oampechkmum, has already been noticed as containing 
a peculiar colouring principle (1571). It imparts a fine 
pmple or crimson colour to pure water, but its tint is 
sStered by the slightest metallic impregnation ; alcaHii 
deepen it, and acids render it paler ; alum foUns with it 
aHTfolet-coloured lake ; sulphate of iron renders the inftf* 
tioA-'of logwood deep purple, or nearly black ; sulphate 
of copper and acetate of lead throw down brown and 
purple precipitates ; and muriate of tin precipitates the 
whole of the colouring matter, in the form of a purple 
compound. The colours which logwood produces are 
for the most part very peri^able. — ^Bancroft, on Per- 
numoA Colours, ii. 338. Chevreul, Annates de CUmie, 
lxri.854*. -.f 
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iv. Leaves. 

1826. a. Senna. According to Lagrange (ilnnoie^ 
dc Chinih, xxvi.) the leaves of the Cassia senna are 
characterized by containing a peculiar extractive prin- 
ciple» which, by long boiling, passes into a resinous 
substance, in consequence of absorbing oxygen : they 
also contain a resin which resists the action of water, 
and is soluble in alcohol ; the whole of the soluble mat* 
ter amounts to about one-third the weight of the senna. 
In the London Medical Repository, Vol. xv., 169, the 
effects of the various re-agents on infusion of senna are 
detailed by Mr. Batley. 

1827. b. Nightshade. The leaves of the Atropa 
Belladonna contain, according to Vauquelin (Awiales 
de Chtmicy Ixxii.), 

i. Vegetable albumen, 
ii. A bitter narcotic principle, 
iii. Nitrate, muriate, sulphate, binoxalate, and 
acetate of potassa. 

Dr. Brandes has announced the existence of a new 
vegetable alcali in this plant, which he calls atropia. 
It forms brilliant acicular crystals, tasteless, and diffi- 
cultly soluble in water and alcohol. It affords distinct 
salts with the acids ; the Sulphate of Atropia consists of 

Sulphuric acid . . ; 36.52 

Atropia 38.93 

Water 24.55 

100.00 

1828. c. Uyoscyamus Niger, or Henbane. In the 
leaves of this plant Dr. Brandes has also ascertained the 
presence of a peculiar, and highly poisonous salifiable 
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base which he calls hyoscjfama. With the acids it forms 
characteristic salts ; it crystallizes in long prisms. 

V. Flowers. 

1829. The colouring matter of most flowers is ex« 
tremely fiigitiye, and is generally much changed by mere 
exsiccation. They usually communicate their colour to 
water ; the infusion of blue flowers is generally redden- 
ed by acids, and changed to green or yellow by alcalis ; 
fliat <tf yellow flowers is made paler by acids, and alcalis 
render it brown ; the red infusion of many flowers is 
exalted in tint by acids, and changed to purple, and in 
some instances, to green by alcalis. 

It is probable that one and the same principle gives 
colour to several of the blue and red flowers, but that 
the presence of acid in the latter produces the red ; the 
petals of the red rose, triturated with a little carbonate 
of lime and water, give a blue liquor ; alcalis render 
it green, and acids restore the red. 

* 1830. A colouring matter, analogous to that of the 
Yiolet, exists in the petals of red clover, in the red tips of 
those of the common daisy, of the blue hyacinth, the holly- 
hock, lavender, in tlie inner leaves of the artichoke, and 
in numerous other flowers ; reddened by an acid, it colours 
the skin of several plums, and the petals of the scarlet 
geranium and pomegranate. Some flowers which are red, 
become blue by merely bruising them ; this is also the 
case with the colouring matter of red cabbage leaves, 
and of the rind of the long radish. Mr. Smithson has 
suggested that the reddening acid is in these cases the 
carbonic, which escapes on the rupture of the vesseb 
which enclose it. 
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1S31. The petals of the common com^papj^j, rubbed 
upon paper, g^ve a purple staiD^ little altered by 1^^9I0Q)% 
or carbonate of sodar, but made green by caustic potaasa. 
The infusion of poppy-petals in very dilute muriatic 
a9id, is florid red ; chalfc added, renders it of tiie colour 
of port wine; carbonate of soda in excess S^X^ tl)^ 
same colour, but excess of potfuu^s^ changes it tm grecai, 
and{ yellow. The expressed juice of the black mul- 
berry posses$i9i^ nearly the same properties. — Ssiithi^k, 
PA^. !ZVan*. 1818. 110. 

183^. The flowers of the carthamm ti^totiMr, or 
safflo!io.er, cultiva^d chiefly in Spain and the Levant, cxm? 
tain a yellow colouring matter, easily soluble in water, and 
^ r^ soluble in alcphol and weak alcaline liquors ; the 
tatter only is employed. Rouge is the red colourii^^ 
m^ter of the carthamus, obtained by digesting tine 
wwhed flowers in solution of carl^^nate of soda» and 
adding lemon juices which throws it down in the form 
of a flne powder, which is dried and mixed with a. por- 
tion of powdered talc ; carthamus if also used^for dyeing 
silk. The details of the analysis of, carthamus will be 
found in the Essays of Dufour and Marchais. — Amudes 
ifi, Chimie, xlviii. 

vi. Seeds. 

1833. Starch is an essential component of the greater 
number of seeds, and it is generally united in them with 
a variable portion of gliltenj and oftf D of flxed and of vo- 
latile oil. The component parts of wheat-flour, and of se- 
veral esculent grains, have already been stated (1566,) 
and a variety of curious details respiting them will be 
found in Einhoff's Papers, in Gehlen's. Ji^fima/. 
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Sir H. Davy bis also examined a number of seeds, 
witti a view to determine their relative nutritive powers ; 
the results of his experiments are seen in the table at 
thci end of this section. 

1834. Alniands, the seed of the amygdalus com- 
murdSf consist oF an albuminous substance and oil ; 
the litter may be obtained by expression, five pounds 
yiddh^ about one pound of cold drawn oil, and about 
a pound and a half when aided by heat. The bitter 
almond affords by pressure an oil analogous to that from 
the former ; but if the expressed cake be distilled with 
water, a portion of volatile oil, eminently poisonous, 
and smelling strongly of the almond, is obtained ; this 
oil is used as a flavouring material by confectioners, 
and by the manufacturers of noyau. In the Philosophi- 
cal Transactions for 1811, Mr. Brodie has detailed a 
variety of experiments illustrative of its action as a 
poison, in which, as well as from its odottr, it appears 
identical nearly with hydrocyanic acid. 

1835. LentUes, the seed of the ervum lens, contain, 
according to Einhoff, in 3840 parts. 

Woody fibre 720 

Albumen 44 

Earthy phosphates 22 

Extractive, soluble in alcohol. . . 120 

GuAi 230 

Starch 1260 

Gluten 1433 

Loss 11 

3840 
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1836. The seeds of the white lupine (lupimu albus) 
contain, ticcording to Fourcroy and Vauquelin (Ann. du 
Mushan, No. xxxvi), gluten, and a green acrid oil, 
with a considerable portion of phosphate of lime and 
magnesia, but no starch or sugar. 

1837. Coffee, the seed of the Coffea Arabica, has 
been examined both in its raw and roasted state. 
From 64i parts of raw coffee, Cadet (Ann. dc Chimie, 
Iviii.) obtained 

Gum 8. 

Resin and bitter extract 3.0 

Gallic acid 3.& 

Insoluble matter 43.5 

Loss, including a trace of albumen . , 7.0 

Hermann has given the following comparative ana- 
lysis of coffee from the Levant and from Martinique 
(Crell's Annals, ii.), the results of which differ much 
from those of Cadet: 

Leyant. MartiiiiiiM. 

Resin 74 68 

Extractive 320 310 

Gum 130 144 

Fibrous matter .. . 1335 1386 

Loss 61 12 



1920 1920 

When coffee is roasted it undergoes a peculiar change 
of composition, attended by tiie formation of tan, and 
a Tolatile, fragrant, and aromatic principle ; but in this 
state it has not been examined with any precision. 
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1838. Pepper. The seed of the piper nigrum has 
not been satisfactorily analyzed : it imparts its acrimony 
to alcohol and to water; it contains a species of volatile 
oil, with starch and extractive matter. — Nicholson's 
Journal, ii. 

1839. Mustard. The seed of the sinapis nigra de- 
rives its acrimony from a volatile oil ; it also contains 
a tasteless fixed oil, albumen, gum, and traces of sulphur 
and earthy salts. 

1840. The seeds of the lycopodium clavatum,' 
or common club moss, have been analyzed by Bucholz. 
(Gehl£n*s Journal, vi.) From 1000 parts he obtained 

Fixed oil 60 

Sugar 30 

Mucilage 15 

Insoluble residue 895 

1000 

This seed has the appearance of a fine yellow powder, 
which deflagrates when projected into the flame of a 
candle ; it is used in theatres to imitate lightning ; and 
the German apothecaries employ it to prevent the ad- 
hesion of pills. 

1841. Annotta is the produce of the bixa orelldna, 
a tiee cultivated in various parts of America. When 
the capsules are ripe, the seeds are bruised and steeped 
for several weeks in water, until converted into a pulp, 
whidi is allowed to putrefy, and being difiused through 
a fresh portion of water, is heated till a scum rises, 
which is successively removed as it forms, and being 
carefully dried, is made up into cakes, and wrapped in 
palm leaves for exportation. 
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Annotia is soluble in water and alcohol ; the solutions 
have a disagreeable smell, and are of an orange colour ; 
alcalis render it more soluble, and increase its colour : 
alum and the acids separate it from its solutions in the 
form of a yellow sediment : it is used for dyeing silk 
and colouring cheese. 



vii. Fruits. 

1843. The acid matter contained in fruits is either 
<}ie tartaric, oxalic, citric, or malic ; or a mixture of 
two or more of tliem ; but the nature and proportion 
of the acid varies at different periods of their growth ; 
gluten and starch are found in some fruits, and a gela- 
tinizing substance, which has sometimes been regarded 
as identical with animal jelly, but which is probably 
a compound of gum and one or more vegetable 
acids. 

1843. Most of our common fruits also contain 
sugar, and it exists in all those the juice of which is sut^ 
ceptible of vinous fermentation. In some fruits the quan* 
tity of sugar is increased by mashing and exposure to 
air ; tliis is remarkably the case with some of the rough- 
flavoured apples used for cider, the pulp of which 
becomes brown^ and at the same time sweet by a few 
hours' exposure. 

1844. The colouring matter of fruits seenis* in 
most cases to bear a strong resemblance to that of 
flowefs. The red juice of the mulberry was found to 
exliyi>it the sqime charaeters* as the colounng principle 
of the wild poppy ; carbonated' alcalis render it blue, 
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but caustic potassa changes it to green and yellow : 
Oie juice of red currants, cherries, elder berries, and 
privet berries^, and the skia of the buckthorn berry, 
appear to contain a similar colouring principle. 

1845. The unripe berries of the buckthorn furnish 
a juice, which, when inspissated, is known under the 
name of sap green. It is soluble in water, and rendered 
yellow by carbonate of soda and caustic potassa ; the 
acids redden it, and carbonate of lime restores it to 
green, which is therefore probably the proper colour 
qf ttie 8^bstance. (Siiithson, Phil. Trans., 1818, 
p. 116). 

1846. The fruit of the wild cucumber (cucumis 
datarium) furnishes a very acrid juice, which deposits 
the powerful cathartic known under the name of eta- 

This substance occurs in commerce in thin 
of a greenidi colour and bitter taste ; i^ derives 
its oalfaartic power from a small portion of a very active 
principle, which Dr. Paris has called Elatin : (Pharma- 
edogkif 223, 8d. Edit.) from 10 grains of elaterium he 
obtained 

Water 0.4 

Extractive ... 2.6 

Fecula 2.8 

GhiteB , 0.5 

Woody matter 2.5 

Elatin . . . . > i o 

Bitter principle . . 3 

10. 
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viii. Bulbs. 

1847. The potato, which is the bulbous root of the 
solanum tuberosum, has been examined by Dr. Pearson 
and by M. Einhoff ; from 100 parts, the latter chemist 
obtained 

Starchy matter 22 

Albumen and mucilage .... 5.4< 

271 

The average quantity of nutritive matter contained 
in the potato, amounts to about one-fourth its weif^t 
When potatoes become sweet by exposure to frost, 
a portion of the mucilage passes into the state of sugar, 
for Einhoff found the quantity of starch undiminished. 

1848. Qarlky or the bulbous root of the allium 
saHvum, has been examined by Cadet. (Ann. de Ckim., 
lix.) It loses by drying about two-thirds of its wei^t; 
its juice is viscid, and very slightly sour; it yields 
coagulated albumen when heated, and when distilled 
with water furnishes an acrid oil having a strong odour 
of garlic. 

1849. The bulb of the Allium Cepa, or Oman, 
has been analyzed by Fourcroy and Vauquelin (Ann. 
de Chimie, Ixv.). The juice of this root, when ex- 
posed to a temperature of about 7(f, forms a quantity 
of vinegar, and deposits a sediment having the cha- 
racters of gluten combined with oil and sulphur. In 
the acetous solution is contained a substance having the 
properties of manna, and which is probably a product 
of the fermentation, for none could be detected in the 
recent juice. 
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1850. Sqmll^ the bulbous root of the ScUla ma" 
rUima, contains, according to Vogel, {Annates de Chin. 
Ixxxiv.) a peculiar bitter principle, which he terms 
ScUUtin, combined with gum, and a considerable por- 
tion of tannin. 



ix. Lichens. 

185L There are several lichens which abound in 
colouring matter ; of these the most remarkable is the 
lichen roceUay which grows in the South of France 
and in the Canary Islands, and which affords the beau- 
tifiil but perishable blue called litmus^ archil^ or turnsole. 
The moss is dried, powdered, mixed with pearlash and 
urine, and allowed to ferment, during which it becomes 
red, and then blue ; in this state it is mixed with car«- 
bonate of potassa and chalk, and dried. It is used for 
dyeing silk and ribands, and by the chemist is a most 
delicate test of acids, which it indicates by passing 
firom blue to red ; the blue colour is restored by alcalis, 
which do not render it green. Cudbear appears to be 
a similar preparation of the lichen tartareus.-^BAH^ 
CRoiT an Colaursj i., 300. 

Mr. Smithson has thrown some doubt upon the 
use of alcalis in the precipitation of litmus, for he 
found its tincture produce no change on solutions of 
muriate of lime, nitrate of lead, muriate of platinum 
and oxalate of potassa ; he at the same time suggests 
the idea of its being a compound of a vegetable prin- 
ciple with potassa.— PAtZ. Trans., 1818, p. 112. 

1852. The Lichen Islandicus, or Iceland Moss, 
has been subjected to analysis by Berzelius. {Annales 
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de Chimie, xc.) Hd obtained from it the following 

substances : 

Syrup 3.6 . 

Bi-tartrate of potassa • • . . l 

Tartrate of lime \ i.9 

Phosphate of lime J 

Bitter principle 3.0 

Wax 1.6 

Gum , . ... 3.7 

Colouring extract 7.0 

Starch 44.6 

Insoluble starchy matter .... 36.6 

X. FuNoi or Mushrooms. 

1853. M. Braconnot, who has lately examined 
many fungi with minute attention^ has given the mme 
Jungin to the insoluble spongy portion which tliey coQf 
tain, and which in many respects resembles lignin ; he 
has also detected in them two peculiar acids, which he 
terms fungic acid (1799) and boletic acid (1798) ; the 
method of extracting which has been above described. 
A peculiar fatty matter, or adipocere, has been found 
by Vauquelin and Braconnot, in several of the fungi-; 
an albuminous substance, and salts, some of which are 
boletates and fungates, have also been detected in 
them, but the analyses are too abstruse, and tlie resutti 
too complicated, to be regarded as perfectly satisfac- 
tory. — Armales dt Chimic, Ixxix., Ixxxv., Sfc. 
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1854. The following table, drawn up by Sir H. 
Davy, exhibits the relative proportions of soluble and 
of nutritive matter contained in 1000 parts of the dif- 
ferent vegetable substances enumerated in the first 
colunm [Agricultural Chemutry, A^o.y p. 131.) : 
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SfrfaicWbMt 
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Section XIX. Phenomena and Products of Fer^ 

mentation^ 

1855. The term fermentation is employed to sig- 
nify the spontaneous changes which certain vegetable 
solutions undergo, placed under certain circumstances, 
and which terminate either in the production of an in- 
toxicating liquor, or of vinegar ; the former termination 
constituting viiwusy the latter acetous fermentation. 

The principal substance concerned in vinous fer- 
mentation is sugar; and no vegetable juice can be 
made to undergo the process, which does not contain 
it in a very sensible quantity. In the production of 
beer, the sugar is derived from the malt ; in that of 
wine, from the juice of the grape. 

1856. In the manufacture of beer^ the malt is 
ground and infused in the mash-tun^ in rather more than 
its bulk of water, of the temperature of 160° or 180°. 
Here the mixture is stirred for a few hours ; the liquor 
is then run off, and more water added, until the malt is 
exhausted. These infusions are called wort, and its 
principal contents are saccharine matter, starch, mti- 
cilage, and a small quantity of gluten. The strength 
of the wort is adjusted by its specific gravity, which is 
usually found by an instrument not quite correctly 
called a saccharometer, since it is influenced by all 
the contents of the wort, and not by the sugar only. 
It is a brass instrument, of the shape shown in the 
margin, so adjusted in weight as to sink to the point 
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marked (f , in distilled water, at the tem- 
perature of 7(f , and when immersed in 
a liquor of* the same temperature, and of 
the specific gravity of 1.100, it is buoyed 
up to the mark 100, just above the bulb. 
TTie intermediate space is divided into 
100 equal parts, and consequently will 
indicate intermediate degrees of specific 
gravity* Hiis is the most useful form of 
the instrument, though not that in common 
use. The specific gravity of the wort for 
ale is usually aboutl.090 to 1.100, and 
for table-beer from 1.020 to 1.030. 

The wort is next boiled with hops/ 
aiiMianting, upon the average, to ^ the 
wei^t of the malt, their use being to 
cover the sweetness of the liquor by their 
aromatic bitter, and to diminish its tendency to acidify. 
The liquor is then thrown into large, but very shallow, 
vessels, or coolers^ where it is cooled ta about 50°, as 
qaickly as possible ; it is (hen suffered to run into the 
fermeniing tat, having been previously mixed with a 
proper quantity of yeasty which accelerates fermenta- 
tion, apparently by virtue of the gluten which it contains. 

In the fermenting vessel, the different substances held 
in solution in the liquor begin to act upon each other ; 
an intestine motion ensues, the temperature of the liquor 
increases, carbonic acid escapes in large quantities ; at 
length this evolution of gas ceases, the liquor becomes 
quiet and clear, and it has now lost much of its sweet- 
ness, has diminished in specific gravity, acquired a new 
flavour, and become intoxicating. 
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1857. The distillers prepare a liquor , called wash,- 
for the express purpose of producing from it ardent*, 
spirits; instead of brewing tliis from pure .malt, they 
chieSy employ raw grain, mixed with a small quantity 
only of malted grain ; the water employed in the mash- 
tun is of a lower temperature than that requisite in 
brewing, and the mashing longer continued'; by which 
it would appear that a part of the starch of the barley 
is rendered into a kind of saccharine matter. . The 
wort is afterwards fermented with yeast. 

1858. JVirn^ is principally procured from the juice 
of the grape, and some other saccharine and mucilagi- 
nous juices of fruits. The principal substances held in 
solution in grape juice are, sugar^ gtmif glutcfi, and 
bi-tartrate of potassa. It easily ferments spontane- 
ously at temperatures between 60° and 80°» and the 
phenomena it gives rise to closely resemble those of 
the wort with yeast. After the operation, its specific 
gravity is much* diminished, its flavour changed, aiid it 
has acquired intoxicating powers. 

1859. If a mixture of 1 part of sugar, 4 or 5 of 
water, and a little yeast, be placed in a due temperature, 
it also soon begins to ferment, and gives rise to the same 
products as wort or grape-juice ; and, as the free ad- 
mission of air is not necessary to vinous fermentation, its 
results may easily be examined by suffering the process 
to go on in the following apparatus ; consisting of a 
matrass containing the fermenting mixture, with a bent 
tube issuing from it, and passing into an inverted jar 
standing in water. 
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It will tiius be found that the only gaseous product is 
carbonic acid : and, consequently, that carbon and oxy- 
gen fu% the principles which the saccharine matter loses 
during the process. 

1860. When any of the above-mentioned fermented 
liqnors are distilled, they afford a spirituoui liquor ; that 
from wine is termed brandy ; from the fermented juice 
of the sogar-cane we obtain rvm ; and from wash, malt 
gfirit ; and these spirituous liquors, by re-distillation, 
fiimisb spirit of loine, ardent spirit, or akohol. 

1861. The different fermented liquors furnish very 
different proportions of alcohol, and it has been some- 
times supposed that it does not pre-exist to the amount 
in which it is obtained by distillation ; but some ex- 
periments whidi I made upon the subject, in 1811 and 
1813, and which are printed in the Philosophical TVaiu- 
acUons for those years, tend to show that it is a real 
educt, and not formed by the action of heat upon the 
elements existing in the fermented liquor. The follow- 
ing Table exhibits the proportion of alcohol, specific 
gravity .825 at 60^, by measure, existing in 100 parts 
of severe kinds of wine and other liquors : 
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Pro^rtimi of Spirit 
p«r enu by mearare. 



l.Lissa 26.1-7 

Ditto 21..35 

Average 25.41 

2. Raisin wine .... 26.40 

Ditto 25.77 

Ditto 23.20 

Average 25.12 

S.Marsala 26.03 

Ditto 25.05 

Average . 25,09 

4. Port 25.83 

Ditto 24.29 

Ditto 23.71 

Ditto 23.39 

Ditto 22.30 

Ditto 21.40 

Ditto 19.00 

Average 22.96 

5. Madeira 24.42 

Ditto 23.93 

Ditto (Sercial) . . . 21.40 

Ditto 19.24 

Average 22.27 

6. Currant wine .... 20.55 

7. Sherry 19.81 

Ditto 19.a3 

Ditto 18.79 

Ditto 18.25 

Average 19.17 

8.TeneriflFe ... . 19.79 

9. Colares 19.75 
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Proportion of Spirit 
per cent, by bwmtc. 


10. Lachryma Christi 


. 19.70 


1 1 . Coastantia, white 


. 19.75 


12. Ditto, red . . . 


. 18.92 


13. Lisbon .... 


. 18.94 


14. Malaga .... 


. 18.94 


15. Bucellas .... 


. 18.49 


16. Red Madeira. . . 


. 22.30 


Ditto 


. 18.40 


Average 


. 20.35 


17. Cape Muschat . . 


. 18.25 


18. Cape Madeira . . 


. 22.94 


Ditto 


. 20.50 


Ditto ..... 


. 18.11 


Average 


. 20.51 


19. Grape wine . . . 


. 18.11 


20. Calcavella . . . 


. 19.20 


Ditto 


. 18.10 


Average 


. 18.65 


21. Vidonia .... 


. 19.25 


22. Alba Flora . . . 


. 17.26 


23. Malaga 


. 17.26 


24. White Hermitage . 


. 17.43 


25. Rousilloa . . . 


. 19.00 . 


Ditto 


. 17.96 


Average 


. 18.13 


26. Claret 


. 17.11 


Ditto 


. 16.32 


Ditto 


. 14.06 


Ditto 


. 12.91 


Average 


. 15.10 


27. Zante 


. 17.05 
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Proportion of Spiril 
per oeut. by iDcaMrc 



28. Malmsey Madeira . . 16.40 

29. Lunel 15.52 

30. Sheraaz 15.52 

31. Syracuse 15.28 

32. Sauterne 14.^ 

33. Burgundy 16.60 

Ditto 15.22 

Ditto 14.53 

Ditto 11.95 

Average 14.57 

34. Hock 14.37 

Ditto 13.00 

Ditto (old in cask) . . 8.88 

Average . 12.08 

35. Nice 14.63 

36. Barsac 13.86 

37. Tent 13.30 

38. Champagne (still) . . 13.80 
Ditto (sparkling) . . 12.80 
Ditto (red) .... 12.56 
Ditto (ditto) . . . . 11.30 

Average 12.61 

39. Red Hermitage . . . 12.32 

40. Vin de Grave . . . 13.94 
Ditto 12.80 

Average . 13.37 

41. Prontignac (Ilivesaltc) . 12.79 

42. Cote Rotie .... 12.32 

43. Gooseberry wine . . 11 .84 

44. Orange wine — average of 

6 samples made by a Lon- 
don manufacturer . . 11.26 
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Proportioo of Spirit 
p«r cent, by meatnre. 


45. Tokay 


9.88 


46. Elder wine . . . . 


8.79 


47. Cider, highest average 


9.87 


Ditto, lowest ditto . . 


5.21 


48. Perry,averageof4samp 


7.26 


49. Mead ..... 


7.32 


50. Ale (Burton) . . , 


8.88 


Ditto (Edinburgh) . 


6.20 


Ditto (Dorchester) . . 


5.56 


Average 


6.87 


51. Brown Stout . . . . 


6.80 


52. Loudon Porter (average J 


» 4.20 


53. Ditto small beer (dittoj 


1 1.28 


54 Brandy 


53.39 


55. Etum ...... 


53.68 


56. Gin 


51.60 


57. Scotch Whiskey . . . 


54.32 


58. Irish ditto . . . . 


53.90 



1862. The principle upon which the intoxicating 
properties of fermented liquors depends, and which exists 
in ardent spirits, is in its purest form called tdcohol. 
It may be obtained by distilling the rectified spirit of 
wine of commerce, with one-fourth of its weight of dry 
and warm carbonate of potassa; about three-fourths 
may be drawn over. There are other substances which 
may be used as substitutes for the carbonate, especially 
muriate of lime. 

1863. Alcohol thus obtained by slow and careful 
distillation, is a limpid, colourless liquid, of an agree- 
able smell, and a strong pungent flavour. Its specific 
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gravity varies with its purity ; the purest obtained by 
rectification over muriate of lime being .791 ; as it 
usually occurs it is .820 at 60^. If rendered as pure as 
possible by simple distillation, it can scarcely be ob- 
tained of a lower specific gravity than .825, at 60^. 

1864. Alcohol has never been frozen, and con- 
sequently is particularly useful in the construction of 
thermometers intended to measure intense degrees of 
cold. When of a specific gravity of .825, it boils at 
the temperature of 176^ the barometrical pressure 
being 30 inches. In the vacuum of an air-pump it 
boils at common temperatures. The specific gravity 
of the vapour of alcohol, compared with atmospheric 
air, is 1.613. — Gay-Lussac, Annales dd Chimie et 
Phys. Tom. i. 

1865. Alcohol may be mixed in all pro- 
portions, with water, and the specific gravity 
of the mixture is greater than the mean of 
the two liquids, in consequence of a diminu- 
tion of bulk that occurs on mixture, as may 
be shewn by the following experiment : 

The annexed wood-cut represents a tube 
with two bulbs, communicating with each 
^other, the upper one being supplied with a 
well-ground glass stopper. Fill the tube and 
lower bulb with water, pour alcohol slowly 
into the upper bulb, and when full put in the 
stopper. The vessel will now be completely 
filled, the alcohol lying upon the water ; if it 
be inverted, the alcohol and water will slowly 
mix, and the condensation that ensues will be 
indicated by the empty space in the tube. A 
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considerable rise of temperature takes place in this 
experiment, in consequence of the condensation. 

1866. The strength of such spirituous liquors as 
consist of little else than water and alcohol, is of course 
ascertained by their specific gravity ; and for the pur- 
pose of levying duties upon them, this is ascertained 
by the hydrometer ; an instrument constructed upon 
the same principle as that described at page 129. But 
the only correct mode of ascertaining the specific gra- 
vity oS liquids, is by weighing them in a delicate ba- 
lance, against an equal volmne of pure water, of a 
similar temperature (507). 

1867. In the Philosophical Transactions for 1794*, 
Mr. Grilpin has given a copious and valuable series of 
tables of the specific gravity of mixtures of alcohol 
and water, and of the condensation that ensues^ with 
several other particulars. These are extremely useful, 
as enabling us to ascertain, without difficulty, the re- 
lative quantity of alcohol contained in any mixture of 
known specific gravity. 

The original tables are extremely voluminous, and 
have been variously abridged by difierent persons ; 1 
have, however, thought it most useful to insert two of 
them, adapted to the temperature of 60°, and refer the 
reader to Mr. Gilpin's paper for those calculated at other 
temperatures. 
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1868. There are other methods of judging of the 
strength of spirituous liquors, which, though useful are 
not accurate, such as the taste, the size and appearance 
of the bubbles when shaken, the sinking or floating 
of olive oil in it, and the appearances that it exhibits 
when burned ; if it bums away perfectly to dryness, 
and inflames gunpowder or a piece of cotton immersed 
in it, it is considered as alcohol ; the difierent sjh- 
rituous liquors leave variable proportions of water, 
when thus burned in a graduated vessel. 

1869. There is the greatest difficulty in ascertaining 
what is meant by the term proof spirit. Dr. Thomson, 
quoting the Act of Parliament of 1762{Syrfcm, ii. 319,) 
states, that at the temperature of 6(f , the specific gravity 
of proof spirit should be 0.916 ; and he also observes, 
tliat proof spirit usually means a mixture of equal bulkt 
of alcohol and water ; but the specific gravity of such a 
mixture will, of course, depend upon that of the standard 
alcohol, which is not specified. It appears from Gil- 
pin's TabkSy that spirit of the specific gravity .916, at 
60°, consists, by weighty of 100 parts of alcohol, specific 
gravity .825, at 60°, and 75 of water ; and, by mecLsurt^ 
of 100 parts of the same alcohol, and 61.87 of water. 
From the Tables of Lowitz, quoted by Dr. Thomson, 
from Crell's Amials (1796, i. 202,) we learn, that 
equal weights of alcohol, specific gravity .796, at 60^, 
(and which may be regarded as pure alcohol^) and water, 
have a specific gravity of .917, which is very near legal 
proof, and which, according to Gilpin's Tables^ con- 
tains 62.8 parts per cent, of his alcohol, by measure. 

1870. Alcohol is extremely inflammable, and bums 
with a pale blue flame, scarcely visible in bright day- 
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light. It occasions no fiiliginous deposition upon sub* 
stances held over it» and the products of its combustion 
are carbonic acid and water, the weiglit of the water 
considerably exceeding that of the alcohol consumed. 
According to Saussure, jun., 100 parts of alcohol 
afford, when burned, 136 parts of water, the production 
of which may be shown by substituting the flame of al- 
cohol for that of water, in the apparatus described in 
the first volume, under the Article Water (236, i.), 
and if the tube at its extremity be turned down into 
a glass jar, it will be found that a current of carbonic 
acid passes out of it, which may be rendered evident by 
lime-water. 

lliere are some substances which communicate 
colour to the flame of alcohol; from boracic acid it 
acquires a greenish-yellow tint ; nitre and the soluble 
salts of baryta cause it to bum yellow, and those of 
strontia give it a. beautiful rose colour ; cupreous salts 
impart a fine gre^i tinge. 

1871. Alcohol dissolves pure soda and potassa, but 
it does not act upon their carbonates : consequently, if the 
latter be mixed with alcohol containing water, the liquor 
separates into two portions, the upper being alcohol de- 
prived to a considerable extent, of water, and the lower 
the aqueous solution of the carbonate. The alcoholic 
solution of caustic potassa was known in old pharmacy, 
under the name of Van Helmont's Tincture of Tartar. 
Hi use in purifying potassa has already been stated 
(544) ; if it be long kept it deposits small crystals of 
carbonate of potassa, and becomes nearly black, from 
the decompositiou of a portion of alcohol. Ammonia 

VOL. lU. L 
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and the carbonate are both soluble in alcohol; the 
greater number of the sulphates are insoluble in thii 
menstruum, but it dissolves many of the muriateil aAd 
nitrates. It also dissolves the greater number of 
the acids. It absorbs many gaseous bodies. It dis* 
solves tiie vegetable acids, the volatile oils, the reshm, 
tan, and extractive matter, and many of the Soaps ; tb^ 
greater number of the fixed oils are taken up by it in 
small quantities onIy> but some dissolve largely. It nmy 
be remarked, that many errors exist in the published 
estimates of the solubility of substances in alcohol, aris- 
ing from the existence of water either in the solvent or 
substance dissolved. 

1872. When the vapour of alcohol is passed 
through a red-hot copper tube, it is decomposed, ft pw- 
tion of charcoal is deposited, and a large quantity of 
carburetted hydrogen gas is evolved. 

The most satisfactory experiments on the composition 
of alcohol are those of Saussure, as quoted by Dr. 
Thomson {System, ii. p. 327). He passed the alcohol 
through a red-hot porcelain tube, terminating in a glai* 
tube>six feet long and surrounded by ice; all the pro* 
ducts were carefully collected. and weighed. The i^ 
suit of this analysis was, that 100 parts of pure alcohol 
consist of 

Hydrogen . 13.70 

Carbon 51.98 . 

Oxygen 3*.32 ' 

100.00 
These numbers approach to 3 proportionals of hydro- 
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gen, = 3 ; 2 of carbon, t=: 1 1 .4< ; and 1 of oxygen, 

= 7.5. 

Or it may be regarded as composed of 

CNefiantgas 61.63 

Water .'... 38.37 

100.00 

. If we consider it as. composed of 1 volume of olefiant 
gas, and 1 volome of the vapour of water, Hie 2 volumes 
beipg condensed into 1, the specific gravity of the va- 
pour of alcohol, compared with common air, will be 
1.599, or, according to Gay-Lussac, L613. 

1873. YiThen alcohol is submitted to distillation, 
with certain acids, a peculiar compound is formed, called 
ttkoTy the different ^ers being distinguished by the 
name of the acid employed in their preparation. 



a. SuLPHUHic Ethsr. 

1874. Sulphuric Ether is the most important of 
these compounds ; it is prepared as follows : Equal 
wei^its of alcohol and sulphuric acid are carefully 
mixed and introduced into a glass-retort placed in a sand- 
bath, to which is adapted a capacious tubidated glass 
globe, connected with a receiver, as represented in the 
wood-cut at page 353, Vol. I. Raise the mixture in the 
retort to its boiling point as rapidly as possible, and* 
keeping the receiver cool by water or ice, continue the 
distillation, till opaque vapours appear in the rrtort ; 
then remove the receiver, and agitate its contmts with 
a little quick-lime ; after which pour off the clear li* 

L f 
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quor, and rc-distil to the amount of three-fourths its 
original quantity with tlie same precautions as before. 
The ether may be further purified by distilling it off 
muriate of lime. The Jjonijm Pharmacapwia directs 
the distillation of ether with potassa, for its purification 
from sulphurous acid ; and Mr. Richard Phillips, in his 
Eixperimental Examination^ has given the following di- 
rections for procuring ether for pharmaceutical purposes, 
which answer extremely well. '* Mix with 16 ounces 
of sulphuric acid, an equal weight of rectified spirit, and 
distil about 10 fluid ounces, add 8 ounces of spirit to the 
residuum in the retort, and distil about 9 fluid ounces ; 
or continue the operation until the contents of the r^rt 
begin to rise or the product becomes considerably sul- 
phurous ; mix the two products, and if the miiture coih 
sist of a light and heavy fluid, separate them : add po- 
tash to the lighter, as long as it appears to be dissolved ; 
separate the ether from the solution of potash, and distil 
about nine-tenths of it, to be preserved as ether wtphu- 
ricus^ the specific gravity of which ought to be at most 
.750." 

1875. Preparing ether upon a large scale, it is found 
that 14 parts of alcohol (specific gravity .820) mixed with 
an equal weight of sulphuric acid (specific gravity 1 .8,} 
and submitted to distillation, afibrd about 8 parts of 
impure ether (specific gravity .770). To the residuum 
7 parts of alcohol may be added, and about 7f parts 
more of impure ether drawn off. These products, when 
mixed, have a specific gravity of about .782, and when 
rectified by distillation on carbonate of potassa, afford 
lOi parts of ether, of a specific gravity of .735, and 
about 3| parts of ethereal spirit, which is employed in- 
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stead of an equal qaantity of alcohol in the next ope- 
ration. 

1876. When ether, obtained by the usual process, 
is washed with its bulk of water, its specific gravity is 
diminished, and the water employed for washing it 
affords, on distillation, a considerable portion of alcohoL 
By re-distilling this washed ether with a little potassa, 
which keeps down the water, or by treating it with 
muriate of Ume, it is obtained extremely light and 
pore. 

1877. Sulphuric ether is a transparent, colourless 
liquid, of a pleasant smell and a pungent taste ; it is 
hi^y exhilarating, and produces a degree of intoxica« 
tion when its vapour is inhaled by the nostrils. Its 
specific gravity varies extremely with its purity. Lo« 
witz is said to have procured it as light as .632. I 
have never obtained it lower than .700 : and, as ordi 
narily prepared, its specific gravity varies between .730 
and .760. 

It is extremely volatile, and when poured from one 
vessel into another, a considerable portion evaporates , 
daring its evq>oration from surfaces, it produces intense 
cold, as may be felt by pouring it upon the hand ; and 
seen, by dropping it upon the bulb of a thermometer, 
which sinks to many degrees below the freezing point 
(91). The sp. gr. of the v^our of sulphuric ether, 
conqmred with atmospheric air, is, acco/ding to Gay- 
Lussac, as 2.586 to 1 .000. 

At mean pressure, sulphuric ether, when of a specific 
gravity of .720, boils at 98°, and under the exhausted 
receiver of the air-pump, at all temperatures above 
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'*-2(f ; hence, were it not for atmospheric presmrc, 
ether would only be known in the state of vapour. 

In consequence of the cold produced dnring the va- 
porization of sulpburie etfapr, the 
phtenomena of boiling and freerang 
may be exhibited in the same ves- 
sel. For this purpose procure a 
very thin flask which fits loosdy in* 
to a wine-glass, as ^own in the 
margin. Pour a small quantity of 
ether iiito the flask, and of water 
into the ^ass, and place the whole 
under the receiver of an air-pump; 
during exhaustion, the ether will boil, and a emst of 
ice will gradually form upon the exterior of the flask. 

When subjected to a degree of cold equal to —46^, 
suli^uric ether freezes. 

1878. Ether dissolves the resins, sfeveral of (be 
fixed oils, and nearly all the volatile oils ; it also dis- 
solves a portion of sulphur, and of phosphorus; the 
latter solution is beautifully luminous when poured irpoa 
vann water, in a <laTk room, llie fixed alcalis are 
not soluble in eiher, but it combines with ammonia. 

Ether dissolves the oxides of gold and plathinm, and 
these solutions have been employed for coating sted 
with those metals, wUh a view to omameiA and as a 
defence from rust. If to a saturated solution of gold 
or platinum, in nltro-muriatic acid, there be added about 
3 parts by measure of good SHiphuric ether, it soon 
takes Up the metals, leaving the acid nearly colourlesi 
below the t^b&NMi solution, which is to be carefidly 
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decanted off; into this the polished steel is for an in- 
stant plunged^ and immediately afterwards washed in 
water, or in a weak alcaline solution. Though the 
coating of platinum is the least beautiful, Mr. Stodart, 
who has mad? many experiments upon this subject, 
oopsiders it as the best protection from rust. Polished 
brass may be coated by the same process. These sur- 
faces of gold and platinum, though very thin, are often 
a useful protection : with gold the experiment is parti- 
cularly beautiful, and well illustrates the astonishing di- 
visibility of the metal. The etliereal solution of gold 
is not permanent, but, after a time, deposits the metal 
in the form of a film, in which crystals of gold are often 
perceptible. 

1879. Ether is sparingly soluble in water, and in 
alcohol it dissolves in all proportions. The spirilus 
astheris sulpkurkL of the Pharmacopma^ is an alcoholic 
solution of ether. 

1880. Ether is highly inflammable, and in conse- 
quence of its volatility it is often kindled by the mere 
approach of a burning body ; a circumstance which 
renders it hi^y dangerous to decant, or open vessels 
of ether near a candle. 

The inflammability of ethereal Vapour may be shown 
by passing a small quantity into a receiver, furnished witli 
a brass stop-cock and pipe, and inverted over water at 
the temperature of 100°. The receiver becomes filled 
with the vapour, which may be propelled and inflamed ; 
it bums with a bright bluish white flame. 

1881 . When ether is admitted to any gaseous body 
it increases its bulk. Oxygen thus expanded, produces 
a hi^y inflammable mixture ; if the quantity oi oxy- 
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gen be large, and of ether small, the mixture is highly 
explosive, and produces water and carbonic acid. 

1882. When the vapour of ether is passed through 
a red-hot tube, it is decomposed, and furnishes a large 
quantity of carburetted hydrogen gas. Its analysis has 
been performed in various ways ; M. Saussure, by de- 
tonating ethereal vapour with oxygen, and ascertaining 
the quantity of carbonic acid formed, and that of oxygen 
consumed, is led to consider the component parts of 
ether as. 

Hydrogen 14.40 

Carbon 67.98 

Oxygen 17.62 

100.00 

which proportions are equivalent to 

defiant gas 100 

Water 25 

Or, it may be stated as consisting of 

5 proportionals of defiant gas, 6.7 x 5=33.5 
1 „ water „ = 8.5 

l^ao 

which numbers, reduced to ultimate components, give 

6 proportionals of hydrogen . . 1 x 6= 6. 
5 „ carbon. . . . 5.7 x 5=28.5 
1. „ oxygen .. = 7.5 

42.0 

1883. By reverting to the composition of alcohol, 
the change effected upon it by the sulphuric acid in the 
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process of etherification will be evident, as also the ra- 
tionale of tile production of olefiant gas (421). Al- 
cohol consists of 

(defiant gas 100 

Water 50 

If we now remove the whole of the water, which 
may be effected by a due proportion of sulphuric acid^ 
we obtain olefiant gas only ; but, if we only abstract 
half the water, we convert the alcohol into ether ; not 
tiiat either of these conversions are ever perfectly per- 
formed in any of our processes. 

1884. When a little ether is introduced into chlorine, 
tile gas is absorbed, and a peculiar compound results, 
in which muriatic acid is very perceptible ; if the ether 
be inflamed, a large quantity of charcoal is deposited, 
and muriatic acid gas is abundantly evolved. 

1885. If ether be mixed with its bulk of sulphuric 
acid, and submitted to distillation, a portion of it is 
converted into a peculiar fluid, which has been termed 
aU of wine ; it is the oleum asthereum of the Pharma' 
capasia. It has a sweetidi taste, and a rich agreeable 
odour. It does not mix with wat^r, but readily dis- 
solves in ether and in alcohol. It is very inflammable, 
and deposits a large quantity of carbon during its com- 
bustion. Its composition has not been inquired into. 

1886. The residue of the distillation of ether has 
been examined by several chemists. According Ui 
Sertuemer, new acid compounds are produced, which he 
calls cmotkundc acids. (Thomson's Annals, xiv. 44.) 
M. Vogel, in repeating these experiments, allows the 
formation of one new acid only, which he calls sulpfuh 
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vrnom acid : he obtained it by saturating tbe resiikie of 
the distillation of ether with carbonate of lead ; the 
liquor being filtered, contained a soluble sulphavinate of 
lead ; sulphuretted hydrogen passed through this solu. 
tion precipitated the lead and left the pure acid, which 
is so easily decomposed by heat as only to admit of 
concentration by evaporation under the exhausted 
receiver. 

1887. SulphoxAnate of Baryta was obtained by 
Gray-Lussac, in rhomboidal prisms terminated by a 
rhomboidal pyramid ; the crystals were transparent, and 
permanent, but easily decomposed by heat. 

1888. A strong analogy appears to subsist between 
the hyposulphuric and sulphovinous acids ; and it will pro- 
bably be found that the latter derives its peculiarities 
from the combination of a portion of etheref^ oil. — 
Annales de Chimk, xiii. Quarterly Journal of Science 
and Arts, ix. 397. 

1889. When ether is passed over red-hot platinum 
wire, or consumed in the lamp without flame, described 
in the Chapter on Radiant Matter (191), 9, peculiar acid 
substance is produced, which has been subjected to 
an interesting series of experiments, by Mr. J. F. 
Daniell, (Quarterly Journal of Science and Arts, yi. 
318.) He obtained it by placing the l^mp, filled with 
ether, and properly trimmed with a coiLof glowing 
platinum wire, under the head of an alembic, in which 
the vapour was condensed, and collected in a phial 
applied to its beak. 

Lampic acid, for so Mr. Daniell has termed this 
product, is colourless, sour, and pungent; its vapour 
is very irritating, and its specific gravity, when purified 
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by carefully driying off a portion of alcohol which it 
contains, is about 1.015. It reddens vegetable blues, 
and decomposes the alcaline carbonates with offer- 



Mr. Daniell has described many of the combinations 
of this acid, which he terms lampatesy and has given 
some experiments upon its composition, whence he de- 
duces its ultimate components, as follow : 

1 proportional carbon 5.7 

1 ■ hydrogen ... 1 . 

1 ■ water 8.5 

"l5;2 

When lampic acid is added to the solutions of silver, 
gold, platinum, mercury, and copper, and the mixture 
heated, the metals are thrown down in the metallic state. 

On distilling the lampate of mercury, made by digest- 
ing the pero!iide of mercury in the acid, Mr. Daniell 
obtained the concentrated or pure lampic acid, in the 
form of a very dense liquid witti an intensely suffocat- 
ing odour. 



b. NiTRic Ether. 

1890. When strong nitric acid and alcohol are 
mixed in equal proportions, a violent action presently 
ensues ; there is a very copious evolution of an inflam^ 
nmble aeriform body, whidi has been caUed nitrous^ 
etherized gasy and which appears to be a compound of 
nitrous ctlier, and nitric oxide. If wo endeavour to 
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condense the volatile products, we find that the receiver 
contains alcohol, water, nitrous ether, nitrous acid, and 
acetic acid ; and that the greater portion of the true 
ether has made its escape with the gaseous products. 
Thenard has paid much attention to this subject, and 
has given the following process for obtaining nitric 
ether (Mimaires d^ArcueU, Tom. i., and Traiti d& 
ChimiCf Tom. iii., p. 278.) : 

Introduce into a sufficiently capacious retort equal 
weights of alcohol, (specific gravity 820) and of nitric 
acid of commerce (specific gravity 1.30) and connect 
it with five Wolfe's bottles, the first of which is empty, 
and the remaining four half-filled with . a saturated so- 
lution of salt in water. Apply a gentle heat to the- 
retort, till the liquor begins to effervesce ; then with- 
draw the fire, and the gaseous matter passing through 
the bottles, which should be kept cold by ice, deposits 
the ether upon the saline solution, from which it is to 
be decanted, shaken with chalk, and re-distilled at a 
very gentle heat 

1891. Nitric ether, thus prepared, has the fol- 
lowing properties : It has a very powerful . ethereal 
odour ; its colour is pale yellow ; its taste very pun- 
gent; its specific gravity above that of alcohol, but 
less than that of water. It is more volatile than sul^ 
phuric ether, and the heat of the hand is sufficient to 
produce its ebullition. It is soluble in 48 parts of 
water ; and in all proportions in alcohol ; this last so- 
lution is the spiritus atheris rdtrici^ or sweet spirit of 
nitre, of the Pharmacopmia. It is decomposed by 
keeping, and nitric and acetic acids are formed in it 
According to Thenard, nitric ether consists of 
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Oxygen 4^.52 

Carbon 28.45 

Nitrogen 14.49 

Hydrogen 8.54 

100.00 



% 



Dr. ThoDtton {System^ Vol. ii., p. 341.) concludes, 
from analogy, that nitric ether consists of 4 propor- 
tionals of olefiant gas, = 26.8, and 1 of nitric acid, 
= 50.5 ; or, of 

4 proportionals of hydrogen 1x4= 4. 

4. carbon 5.7 x 4 = 22.8 

1 ■ nitrogen 13. 

5 : oxygen 7.5 x 5 = 37.5 

1892. When nitric acid, holding mercury or silver 
in solution, is added to alcohol, a white precipitate is 
formed during the effervescence that ensues, which is 
possessed of powerful detonating properties. 

Fulminating Merwry was discovered by Mr. Howard, 
who has ^ven the following directions for its prepara- 
tion: Dissolve 100 grains of mercury, in a measured 
ounce and a half of nitric acid, by the assistance of a 
gentle heat; pour this solution into two measured 
ounces of alcohol, previously put into an evaporating 
basin, and apply a gentle heat till an effervescence en- 
sues; when this has ceased, pour the liquid off the 
precipitate which falls, collect it upon a filter, wash 
it with a small quantity of water, and dry it at a heat 
not exceeding 212^. 

Fulminating mercury thus prepared is in the form 
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of small crystalline grains, of a whitish yellow or pale 
gray colour. A few grains placed on a smootii anvil 
and struck with a hammer, detonate with a sharp 
stunning report; it also explodes by friction, heat, and 
electricity ; and by the action of concentrated sulphuric 
acid, though with less noise. 

Mr. Howard considers this powder as a compound 
of oxalate of mercury and nitrons etherized gas : Four- 
croy, however, has shown that its composition varies a 
little, under different circumstances of preparing it. — 
Howard, Phil. Tram., 1800. 

1893. By a similar process nearly, a species of 
fulminating silver may be prepared. (Descotils, Ni- 
cholson's Journal, VoU xviii.) Upon three drachms 
of pojwdered nitrate of silver, pour two ounces and a 
half of alcohol, and add seven drachms, by measure, of 
nitric acid. When the effervescence has nearly ceased 
add a little water, wash the precipitate, and dry it in 
the open air, secluded from li^t. — Accum's Chemical 
Amusement, 3d edit., p. 102. 

This very dangerous compound explodes upon slight 
friction, or when gently heated, or touched with sul- 
phuric acid ; and, upon the contact of a sharp piece of 
glass or rock crystal, it detonates even under water ; 
an electric spark also occasions its explosicm. 

When exploded under slight pressure in contact of 
gunpowder, it inflames it. 

The composition of this species of fulminating silver 
has not been ascertained with precision; indeed, the 
subject is one of extreme diflSculty, in consequence of 
the new products that are formed by its sudden decom- 
position. 



MURIATIC ETHER. 159 



vC. Muriatic Ether. 

189i. Muriatic ether was thus obtained by The- 
nartly {Mimoircs d^ArcueU^ Tom. i.): Equal measures 
of strong liquid muriatic acid, and highly rectified al- 
cohol, are put into a retort communicating with a 
receiver, from which a tube passes into a Wolfe's bottle 
containing warm water, and having a tube of safety . 
from this there issues a bent tube passing into a bottle 
surrounded by ice. On applying heat to the retort, a 
portion of alcohol and acid pass into the first receiver, 
and the ettier in a gaseous state escapes through the 
worm water and the bent tube, and is condensed in fhe 
cold vessel. 

1895. At a temperature somewhat below 7(f muria- 
tic ether passes into the state of vapour, of which the 
sp. gr. is about 2.220, that of air being 1.000 ; it is 
highly inlBammable, its taste sweetish and ethereal, and 
h is soluble in its own bulk of water at 64^. Its specific 
gravity in a liquid state, at 40°, is .870. It is remark- 
able that this ether does not affect vegetable blues, nor 
does it afford traces of chlorine to the usual tests ; but, 
when burned, muriatic acid is immediately perceptible. 

1896. According to Thenard, this ether, contains 

Muriatic acid 29.44 

Carbon 36.61 

Oxygen 23.31 

Hydrogen 10.64 

Tbooo 

Dr. Thomson considers muriatic ether as a compound 
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of four proportionals of olefiant gas, and one of mu- 
riatic acid ; hence it would contain 

5 proportionals of hydrogen 1x5=5. 
4 ————— carbon 5.7 x 4 = 22.8 
1 chlorine 33.5 

d. Hydriodic Ether. 

1887. By distilling two measures of alcohol, with 
one of concentrated liquid hydriodic acid, Gay-Lussac 
obtained an ethereal liquid, of a specific gravity of 
1.920 at 72^, and requiring a temperature of 148° for 
its ebullition. Its properties have not been very satis* 
factq^ily investigated, nor have any accurate experimenis 
demonstrated its composition. — Armales dc Ctmm^ xci. 



Acetous Fermentation. 

1898. When any of the vinous liquors are ex? 
posed to the free access of atmospheric air at a tem- 
perature of 80° or 85°, they undergo a second fermen- 
tation, terminating in the production of a sour liquid, 
called vinegar. During this process a portion of the 
oxygen of the air is converted into carbonic acid; 
hence, unlike vinous fermentation, the contact of Ae 
atmosphere is necessary, and the most obvious pbs- 
nomenon is the removal of carbon from the beer er 
wine ; the vinegar of this country is usually obtained 
from malt liquor, while wine is employed as its source 
in those countries where the grape is abundantly cul- 
tivated. 

1899. The colour of vinegar varies according to 
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the nateriak firom which it has been obtained ; that manu- 
factured in England is generally artificially coloured with 
burnt sugar: its taste and smell are agreeably acid. 
Its specific gravity is liable to much variation ; it sel- 
dom exceeds 1.0250. When exposed to the air it be- 
comes mouldy and putrid, chiefly in consequence of the 
mucilage which it contains, and from which it may be 
in acme measure purified by careful distillation. Ac* 
cording to Mr. R. Phillii)s, (Renmrh an the London 
Pkarmacopana^) when good malt vinegar of the specific 
gravity of 1.020 is distilled, the first eighth that passes 
over is of the specific gravity 0.997; the next six- 
eigliths are of specific gravity 1.0023, and a fluid ounce 
decomposes 8.12 grains of precipitated carbonate of 
lime. The lightness of the first portion is owing to 
its containing alcohol, consequently, in the Pharmaco- 
faia process it is ordered to be rejected. The term 
dMUed vmegar, or dilute acetic acid, is properly ap- 
plied to the second portion; it is erroneously called 
acetic acid^ in the Pharmacopasia. The matter which 
reqaains in the still ii empyreumatic, and generally 
contains some oth^ vegetable acids : when the vinegar 
baa been adulterated, which is not unfrequently the 
easOp we sometimes find in it muriatic and sulphuric 
adds. 

1900. Distilled vinegar is colourless, and of a 
flat acid taste ; it consists essentially of the real acid 
dilated with water. To obtain acetic acid, or, as it 
has been sometimes called, radical vinegar^ distilled 
vinegar may be saturated with some metallic oxide, 
and the acetate thus obtained, subsequently decom- 
posed. 

VOL. III. M 
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1901. Acetic acid is thus procured by distilling 

■ • • . . . , 

acetate of copper^ or crystallized verdigris, in a glass 
retort heated gradually to redness : it requires re-distil- 
lation to free it from a little oxide of copper which 
passes over in the first instance. Acetic acid may also 
be obtained by distilling acetate of soda or acetate of 
lead with half its weight of sulphuric acid : or from a 
mixture of equal parts of sulphate of copper and acetate 
of lead ; in these cases, the acid passes over at a mode- 
rate temperature. 

19(@. A considerable quantity of acetic acid is 
also now procured by the distillation of wood in the 
process of preparing charcoal for the manufacture of 
gunpowder. The liquor at first procured is usually 
termed pyfoligneons acid ; it is empyrenmatic and im- 
pure, and several processes have been contrived to free 
it from tar and other matters which it contains. It may 
be saturated with chalk and evaporated, by which an 
impure acetate of lime will be obtained, and which, 
mixed with sulphate of s6da, furnishes, by double de- 
composition, sulphate of lime and acetate of soda : the 
latter distilled with sulphuric acid affords a sufficiently 
pure acetic acid, which by dilution with water may be 
reduced to any required strength. The purification of 
this acid has been brought to great perfection by Dr. 
Bollman. 

1903. Acetic acid obtained by these processes 
is transparent and colourless, its odour highly pungent 
and it blisters and excoriates when applied to the 
skin. Its specific gravity is 1.080. It is extremely 
volatile, and its vapour readily burns. It combines 
in all proportions with water, and when considerably 
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diluted, resembles distilled vinegar. When higbly 
concentrated, it crystallizes at the temperature of 
4Xfy but liquefies when its heat is a little above that 
point 

lOOii. According to Berzelios, whose analysis of 
acetic acid was very carefully conducted, (Thomson's 
AnnaU, Vol. iv.) its ultimate components are 

Carbon 46.83 

Oxygen 46.82 

Hydrogen 6.35 

100.00 

These numbers, reduced to definite proportionals, are 

3 proportionals of hydrogen 1x3= 3. 

4 carbon 5.7 x 4 = 22.8 

3 oxygen 7.5 x 3 = 22.5 

48^ 

Hence we see that there is no excess of oxygen in ace- 
tic acid, but that it consists of 

3 proportionals of water 8.5 x 3 = 25.5 
4 carbon 5.7 x 4 = 22.8 

4a3 

The chemist above quoted has given the composi- 
tion of acetate of lead, at 100 acid + 217.5 oxide of 
lead, and 

217.5 : 100 :: 104.5 : 48. 

so tiiat the number 48 may safely be adopted as the re- 
presentative of acetic acid. 

1905. The acetates are all soluble in water, and 

BI 3 
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mostly very soluble : many of them are deliquescent, 
and difficultly crystallizable ; they are decomposed by 
sulphuric acid, and when submitted to destructive dis- 
tillation, furnish a modified vinegar,, which has be^ 
termed pyroacetk acid or spirit : these decompositioiii 
have been fully investigated, and the properties of flw 
pyroacetic spirit inquired into, by Mr. Chenevfz. — 
Annates de Chtmie^ xlix. 

The following are among the most important of the 
acetates : 

1906. Acetate of Ammonia is a very deliquescent, 
soluble salt, and extremely difficultly crystallizable. In 
solution, obtained by saturating distilled vinegar with 
carbonate of ammonia, it constitutes the li^wr am- 
monia acetatis of the Pharmacbpmiay which has long 
been used in medicine as a diaphoretic, under the name 
of spirit of Mindererus. 

1907. Acetate of Potassa is usually formed by sa- 
turating distilled vinegar with carbonate of potasst, 
and evaporating to dryness. If this salt be carefully 
fused, it concretes into a lamellar deliquescent mass on 
cooling. It is the terra foliata tartari, and febr^ugt 
salt of Syltius of old pharmacy. It dissolves in its 
own weight of water at 60^, and the solution has an 
acrid saline taste. It consists of one proportional of 
each of its components, or 4*5 potassa -f 48 acetic 
acid == 93 acetate of potassa. 

1908. Acetate of Soda forms prismatic crystals, 
not deliquescent, of an acrid bitterish taste, and soluble 
in rather less than three parts of water at 60^ It is 
the terra foliata crystallisata of old writers. It con- 
sists of 29.5 soda + 48 acetic acid. 
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1909. Acetate of Lime, is a difficultly crystallizable 
salty readily soluble in water, and of a bitter saline 
taste ; consisting of 26.5 lime + 48 acid. It is some- 
times obtained by saturating the vinegar formed during 
the distillation of wood, and employed in the prepara- 
tioii of acetate of aluminay which is used by the calico- 
printers as a mordant. 

1910. Acetate of Baryta furnishes acicular crys- 
tals of a sour and bitterish taste : in cold weather the 
QpDcentrated solution congeals into a silky congeries of 
crjstals. It requires rather more than its own weight 
of water at 6(f for solution, and consists of 48 acid + 
72.5 baryta. 

1911.. Acetate of Stronlia furnishes small per- 
manent crystaky consisting of 48 acid + 52 strontia. 

1912. Acetate of Magnesia is uncrystallizable, and 
of a bitterish sweet taste. It consists of 48 acid + 
18.5 magnesia. 

1913. Acetate of Manganese, formed by dissolving 
Die proibcarbonate in acetic acid, crystallizes in rhom- 
boidal tables, permanent, and of a reddish colour and 
astringent metallic taste, soluble in 3^ parts of water 
at 60^. Hiey consist of 70 acid and water + 30 prot- 
asis of manganese. — John, Gehjlen's Journals iv. 

1914. Acetate of Iron. The acetic acid combines 
with both oxides of iron. The proiacetate is .formed 
by digesting sulphuret of iron in acetic acid ; it yields 
green prismatic crystals, of a styptic taste, and readily 
solpible in water ; the solution becomes brown by ex- 
posure to air, and passes into peracetate, which is un- 
crystallizable, and obtained by digesting iron in acetic 
acid. This compound is extensively used by calico 
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printers, who prepare it either by digesting iron in 
pyroligneous acid, or by mi^dng solution of acetate of 
lead with sulphate of iron, and exposing fbe filtered 
solution to air. 

1915. Acetate of Zinc is formed either by dissohr- 
ing oxide of zinc in acetic acid, or by mixing a sohi- 
tion of sulphate of zinc with one of acetate of lead. 
It crystallizes in thin shining plates of a bitter and me- 
tallic taste, very soluble, but not deliquescent. Tliii 
salt is sometimes used in pharmacy, chiefly as an ex- 
ternal application. According to Messrs. Aikin, the 
specific gravity of a saturated solution of acetate of 
zinc, made by digesting the salt in distilled vinegar,- ii 
1055. Of this solution 900 grains contain 53 of dry, 
or 82.6 of crystallized acetate. One ounce by meamnrt 
of the solution weighs 506 grains, and - contains 29.8 
grains of dry, or 46.5 grains of crystallized salt. 

1916. Acetate of Tin. This metal is slowly acted 
on by acetic acid, but a protacetate and peracetate of 
tin may be made by mixing acetate of lead with satu- 
rated solutions of the protomuriate and permuriate of 
tin. These solutions have been recommended as mo^ 
dants for the use of dyers. The protacetate is- crys- 
tallizable. Vinegar kept in tin vessels dissolves a very 
minute portion of the metal ; and in pewter vessels it 
likewise dissolves a small portion of the lead, where in 
contact both with the vinegar and air ; hence distilled 
vinegar, which has been condensed in a pewter woroi, 
affords generally traces of both metals. — Yauquklik, 
Annales de Chimicy xxxii. 

1917. Acetate of Capper. By exposing copper 
to the fumes of vinegar, it becomes gradually incrusted 
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witii a green powder called verdigris, which is separable 
by the action of water, into an insoluble mbacetatc of 
copper, and a soluble acetate. 

Acetate of copper may be obtained by digesting 
yerdigrisy or oxide of copper, in acetic acid ; by eva* 
porating this solution, it is obtained in prismatic crys- 
tals of a fine green tint. It dissolves sparingly in water 
and alcohol, and communicates a beautiful blue-green 
colour to the flame of the latter ; by distillation it 
affords a very pure acetic acid. According to Dr. 
Thomson, acetate of copper, in its crystallized state, 
consists of 

1 proportional of acid 48. 

1 OTude of copper 67.5 

8 water 66. 

181.5 

1918. Acetate of Lead, is the sugar of lead, and 
salt of Saturn of the old chemists : it may be regarded 
as the most important of the acetates ; it is used in 
pharmacy, and by dyers and calico-printers for the 
preparation of acetate of alumina and of iron, which 
are formed by mixing its solution with that of the 
aulphates of those metals, an insoluble sulphate of lead 
being at the same time produced. Acetate of lead is 
formed by digesting the carbonate in distilled vinegar, 
or in the acetic acid obtained by the destructive 
distillation of wood ; it usually occurs in masses 
composed of acicular crystals ; but by cai^eful crystal- 
lization it may be obtained in quadrangular prisms. 
Its' taste is sweet and astringent, and it is soluble in 
about, four parts of water, at 60°. It is sometimes 



168 ACETATES; 

improperly termed a superatetatc^ but the salt is neutimit 
though when dissolved in water containing the smallest 
portion of carbonic acid, a white insoluble compoond 
of lead falls, and a little acetic aoid being liberated, 
the solution is rendered sour. 

Carbonic acid passed through a solution of aoatote 
of lead, precipitates, as I am informed by Mr. Jamei 
South, exactly half the quantity of the oxide Which 
Ihe salt contains ; hence a binacctate is probably formed, 
which however does not afford crystals. 

According to the experiments of Berzelius, acetate 
of lead consists of 

Acetic acid 26.97 

Protoxide of lead 58.71 

Water 14.32 . 

Too 

hence the dry acetate is composed of 

1 proportional of acetic acid 48 

1 yellow oxide of lead 104.5 

When acetate of lead is submitted to destructive dis- 
tillation it furnishes a considerable quantity of a peculiar 
fluid, smelling and burning like alcohol. — Proust, 
Journal de Physique , Tom. Ivi. 

1919. When 100 parts of sugar of lead are boiled 
in water, with about 150 of yellow oxide, or of finely 
powdered litharge, a salt is obtained which crystallises 
in plates, and is. less sweet and soluble than the acetate; 
it has been termed mbacetate of Uady and consisfa^ 
according to Berzelius, of 1 proportional of acid=: 
48 H- 3 proportionals of oxide of lead, 313.5. This 
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compound has long be^i used in phannacy, cinder the 
same of QmAxrd's extract of lead. It is very rapidly 
preeipitated by carbonic acid, of which it is a most 
delicale test ; it also has a strong attraction for vege- 
table colouring matter, upon which principle I em- 
ptoyed it io my amdysis of wines. — Phil. Trans.^ 
1819. 

19S0. Acetate of Aniinamf, formed by* digesting 
iiie protoxide in acetic ecid, was once employed as an 
emetic. 

19S1 • Acetate of Bumuth may be formed by add* 
ing nifarate of bismuth to a concentrated solution of 
acetate of potassa ; a precipitate falls, which re- 
dissolves on the application of heat, and afterwards 
affords scaly crystals. The addition of acetic acid to 
nitrate of bismuth prevents its precipitation when di-« 
hited« — ^MoRVEAU, Encyd. Method. Chimie, i. 10. 

1922. Acetate of Cobalt may be obtained by di- 
gesting oxide of cobalt in acetic acid ; it is uncrys* 
tallinble, and furnishes a sympathetic ink, colourless 
when cold, but blue when heated. 

1928. Acetate of Uranium forms four-sided pris* 
matic crjrstals of a yellow colour. 

1924. Acetate of Titankm, not examined. 

1925. Acetate of Cerium. Recently precipitated 
oxide of cerium readily dissolves in acetic acid, and 
yirids small crystals on evaporation, of a sweetish taste, 
pormanent, and readily soluble in water. — Hisinobb 
and Berzelius, Gehlbn's Jottnud, ii. 414. 

1926. Acetate of Nickel forms green rhomboidal 
crystals. 

1927. Acetate of Mercury. Protacetate of Mer- 
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cury is most readily formed by mixing a solution of 
protpnitrate of mercury with acetate of potassa. For 
this purpose dissolve three ounces of mercury in about 
four ounces and a half of cold nitric acid,' and mix 
this solution with, three ounces of acetate of potassa 
previously dissolved in eight pints of boiling water, 
and set the whole aside to crystallize, which takes 
place as the liquor cools, and the acetate of mercury 
then separates in the form of micaceous crystalline 
plates, which are to be washed in cold water, and 
dried on blotting paper. (Edinburgh Pharmacap€aa.) 
In preparing this salt, the quantity of water for dis* 
solving the acetate need not be so large as above 
directed, one pint being suflScient, but it is necessary 
to pour the mercurial solution into the acetate. Tbis 
salt has an acrid taste, and is very difficultly soluble 
in water, requiring, according to Braconnot, (AtmaUi 
de Chimie, Ixxxvi. 92.) 600 parts of water. It is 
insoluble in alcohol. It was once used in medicine. 

11^. Peracetate of Mercury is formed by di- 
gesting the peroxide in acetic acid ; it does not 
crystallize, and affords on evaporation a deliquescent 
yellow mass, which is decomposed by water into a 
mptrptr acetate^ which remains dissolved; and an in- 
soluble subper acetate. — Proust, Journal de Phys., Ivi. 

1929. Acetate of Silver is obtained by boiling the 
acid on oxide of silver, or by mixing solutions of ace- 
tate of potassa and nitrate of silver ; it forms acicular 
crystals of an acrid metallic taste. 

1930. Acetate of Alumina. This salt is exten- 
sively employed by calico-printers as a mordant or 
basis for fixing colours; they produce it by mixing 
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solutions of alum and acetate of lead: about three 
pounds of alum are dissolved in eight gallons of water 
and a pound and a half of sugar of lead stirred into it ; 
a copious formation of sulphate of lead ensues, which 
18 allowed to subside^ and the clean liquor holding a)ce- 
tate of alumina and a portion of undecomposed alum 
in solution, is then drawn off, a portion of pearlash 
and chalk being added to it previous to use^ in order 
to saturate any excess of acid. 

Acetate of alumina, formed by digesting recentiy 
precipitated alumina in acetic acid, may be procured in 
deliquescent acicular crystals of an astringent taste, 
and containing, according to Richter, 73.81 acid + 
26. 19 alumina : hence it is probably a binacctate. 
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CHAPTER IX. 

m 

1 

Of Animal Suhstances. 

1931. The different sectiom of this chapter will 
contain an account of the ultimate and proximate prin- 
ciples of the substances belonging to the animal creation« 
of the different methods of analysis by which tiliese 
principles are obtained, and of such of the aniinal 
functions as are concerned in their production, .where 
these are susceptible of chemical elucidation. 



Section I. Of the tdtimate Principles of Animal Mat^ 
ter, and of the Products of its destrtcctive LHstiUatian, 

1932. The proximate principles of the animal 
creation consist, like those of vegetableSi of a few 
elementary substances, which by combination in various 
proportions, give rise to their numerous varieties. 
Carbon, hydrogen, oxygen, and nitrogen, are the princi- 
pal ultimate elements of animal matter ; and phosphorus 
and sulphur are also often contained in it. The presence 
of nitrogen constitutes the most striking peculiarity of 
animal, compared with vegetable bodies ; but as some 
vegetables contain nitrogen, so there are also certain 
animal principles, into the composition of which it 
does not enter. 
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1933. The presence of nitrogen sUmps a peculi- 
arity upon the products obtained by the destructive 
distillation of animal matter, and which are diaracterized 
by the presence of ammonia, formed by the union of 
the hydrogen with the nitrogen. It is sometimes so 
abundantly generated as to be the leading product ; 
thus, when horn, hoofs, or bones, are distiUed per #e, 
a quantity of solid carbonate of ammonia, and of die 
some substance combined with empyreumatic oil, and 
dissolved in water, are obtained; hence the pharma- 
ceutical preparations called spmt and salt of hartah&m^ 
and Dippel's animal oil. Occasionally the acetic, 
benzoic, and some other acids are formed by the ope- 
ration of heat on animal bodies, and these are found 
united to the anunonia ; cyanogen and hydrocyanic acid 
also frequently occur. 

If the gas evolved during the decomposition of ani- 
mal bodies be examined, it is generally inflammable, 
and consists of carburetted hydrogen, often with a little 
gnlphuretted and phosphuretted hydrogen ; carbonic 
oxide, carbonic acid, and nitrogen, are also sometimes 
detected in it. 

The coal remaining in the retort is commonly very 
diflkult of incineration, a circumstance depending upon 
the common salt and phosphate of lime, which it usuaUy 
contains, forming a glaze upon its surface which de- 
fends the carbon from the action of the air. Animal 
charcoal is also found to be more effectual in de- 
stroying colour and smell, than that obtained from 
vegetables. (387.) 

1934>. By the term putrtfacUan we mean the 
ohanges which dead animal matter undergoes, and by 
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which it is slowly resolved into new products. These 
changes require a due temperature/ and the presence 
of moisture ; for below the freezing point of water, or 
when perfectly dry, it undergoes no alteration. 

During putrefaction the parts become soft and flabby, 
they change in colour, exhale a nauseous and disgust- 
ing odour, diminish considerably in weight, and aflford 
several new products, some of which escape in a gase- 
ous form, others run off in a liquid state, and otben 
are contained in the fatty, or earthy residuum. 

The presence of air, though not necessary to putre- 
faction, materially accelerates it, and those gases which 
contain no oxygen, are very eflScient in checking or 
altogether preventing the process. Carbonic acid also 
remarkably retards putrefaction ; and if boiled meat be 
carefully confined in vessels containing that gas, it re- 
mains for a very long time unchanged, as seen in M. 
Appert's method of preserving meat. 

There are several substances which, by forming new 
combinations with animal matter, retard or prevent 
putrefaction, such as many of the saline and metallic 
compounds ; sugar, alcohol, volatile oils, acetic acid, 
and many other vegetable substances also stand in the 
list of anti-putrefactives, though their mode of operating 
is by no means understood. 

1935. The effluvia which arise from putrescent 
substances, and more especially those generated in cer- 
tain putrid disorders, have a tendency to create peculiar 
diseases, or to give the living body a tendency to pro- 
duce poisons analogous to themselves. An atmosphere 
thus tainted by infectious matter, may be rendered harm- 
less by fumigation with the volatile acids, more espe- 
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ciaOy the nitroos and the muriatic ; chlorine is also 
very effectual : the vapour of vinegar, though sometimes 
useful in covering a bad smell, is not to be relied oh. 
It appears evident that the acid and chlorine act che- 
mically upon the pernicious matter, and resolve it into 
imiocuous principles. 

1936. When muscular flesh is immersed in a stream 
of ruimiiig water, it is partially converted into a sub- 
itanoe having many of the properties of fat combined 
with a portion of ammonia. The same changes have 
been observed where large masses of putrefjring animal 
matter have been heaped together, or where water has 
had occasional access to it. Nitrate of ammonia is 
wiao sometimes formed under the same circumstances. 

1937. Instead of considering the proximate prin- 
ciples of animals under separate sections, as has been 
done in regard to vegetable bodies, I shall make them 
known under the heads of those substances in which 
diey occur, the principal of which are the following : 

1. Blood. Albumen, Colouring Matter. 

2. Milk. Sugar of Milk. 

3. Bile. Resin of Bile. 

4. Lymph. Mucus. Synovia, Pus, ^c. 
5 Urine. Urea. Urinary Calculi. 

6. Skin. Membrane. 

7. Muscle. Ligament. Horn. Hair. 

8. Fat. Spermaceti, ^c. 

9. Cerebral substance. 
10. Shell and Bone. 
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Section II. Of the Blood. 

1938. In the higher orders of animals the blood 
is of a red colour, florid in the arteries, and dingy in 
the veins. The speciflc gravity of haman blood is liabk 
to some variation. I have fomid it as low as 1.050 
and as high as 1.070, but am unable to refer to any 
circumstances which mi^t be considered as the cause 
of this difference. 

When blood is drawn from its vessels in the living 
animal, it soon concretes into a jelly*like mass, whieh 
afterwards gradually separates into a fluid serum^ of a 
pale straw colour, ^d a coagulated crassam/enllumf or 
cfuor^ which is red. The cause of this coagulation is 
quite unknown. 

1939. The speciflc gravity of the serum of the 
blood, is upon an average 1.030. It reddens the 
yellow of tumeric, and changes the blue of viodets- to 
green, a property derived from a portion of soda. At 
a temperature of 160°, it becomes a firm yellowish 
white coagulum, resembling in appearance and prop^- 
ties the coagulated white of egg, and, as the principle 
to which this property is owing is the same in both 
substances, it has been called albumen. Alcohol, and 
many of the acids, also occasion the coagulation of the 
serum of blood. 

100 parts of human serum contain between eig^t and 
nine parts of albumen, rather less than one part of 
carbonate of soda, and about the same quantity of 
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common salt, the remaining 90 parts being water. 
Tbese at least are the proportions which my own ex* 
periments lead me to believe correct ; but the analysis 
18 involved m so much diflSculty that the results can 
only be considered as approximating to the truth ; indeed 
it is probable (hat the composition of the serum is liable 
to much variation. 

Dr. Mwccet and Berzelius have each given an analysis 
of the serum of human blood ; the following are their 
resolts. (Medko-CAirurgical Transactions, Vol. ii. An- 
nals of PkUosaphy, Vol. ii.) : 

Marcet. . 

Water 900. 

Albumen 86.8 

Muriates of potassa and soda 6.6 

Muco-extractive matter 4.0 

Carbonate of soda 1.65 

Sulphate of potassa 0.35 

Earthy phosphates 0.60 

1000.00 

Berzblius. 

Water 905.0 

Albumen 80.0 

Muriates of potassa and soda 6.0 

Lactate of soda, with animal matter . . 4.0 
Soda and phosphate of soda with ditto 4.1 

Loss 09 

1000.0 

1940. Albumen, which constitutes a leading ingre- 
dient in the serum, and which we shall presently find also 

VOL. IIL N 
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in the cruor, is a very important animal principle, and 
is found in the greater number of animal fluids and solids. 
LAquid Albumen is soluble in water, and always con- 
tains a notable portion of soda, indicated by its action 
on vegetable colours. It is coagulated by heat, acids, 
and alcohol, unless it be considerably diluted with water, 
in which case a portion separates in the form of white 
flakes after some hours' standing. Solution of corrosive 
sublimate, added to albumen very much diluted, pro- 
duces a cloudiness, and hence it is a useful test of 
albumen. (Bostock, Nicholson's Journal^ xiv.) It 
is also instantly coagulated by Voltaic electricity ; and 
if two platinum wires connected with a small battery 
be immersed into a diluted albumen, it will cause a very 
rapid coagulation at the negative pole, and scarcely any 
efiect at the positive pole. This circumstance induced 
me to attribute the coagulation to the removal of the 
alcali, by alcohol, and by acids ; but how heat operates 
is not very obvious, luiless we be allowed to consider 
it as eflecting a kind of decomposition of the liquid 
albumen. We might thus consider liquid albumen as i^ 
compound of albumen and soda dissolved in water : the 
effect of heat would then be to transfer the soda to the 
water, and thus occasion a coagulation ; and a solution 
of soda is always found oozing from coagulated serum, 
and has sometimes been called serosity ; in time it 
re-acts upon the coagulum, and dissolves a portion of it. 
1941. When albumen is dried in a moderate heat, 
it shrinks and becomes brown and semi-transparent, 
resembling horn in appearance and properties. In tiiis 
state it scarcely dissolves in boiling water, though it 
gradually softens ; it is not prone to decomposition ; 
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it dissolves in the alcalis, a portion of ammonia being 
evolved and a saponaceous compound formed. Di- 
lute nitric acid converts it into a substance having the 
properties of gelatme. (Hatchett, Phil. Trans. , 1800.) 
By destructive distillation albumen furnishes a variety 
of products characterized by the presence of a large 
proportion of ammonia. According to Gay-Lussac and 
Thenard, (Recherches Physko-chi/miques) its ultimate 
constituents are 

Carbon 52.883 

Oxygen 23.872 

Hydrogen 7.540 

Nitrogen 15.705 

Toaooo 

1942. When the coagulum of the blood is care- 
fidly washed under a small stream of water, the colouring 
matter is gradually dissolved, and washed out of it, and 
a white fibrous substance remains, which has been 
termed fibrma or coagtdable lymph, but of which the 
chemical properties are those of albumen. 

It sometimes happens, when the blood is long in coar 
gulating, as in certain inflammatory diseases, that a 
portion of this albumen is left without the colouring 
matter, forming what has been called the buffy coat of 
blood ; in this case it is so tough as to admit of being 
removed from the coloured portion, and when dried, 
riirinks ^p, and appears exactly like horn. 

Although the cause of the spontaneous coagulation of 
blood be unknowfl, the process consists in a portion 
of the albumen separating in a solid form along with 
the colouring matter, while another portion remains 

N t 
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dissolved in the serum ; this effect is somewhat analo- 
gous to the crystallization of a saline solution, in whidi 
one portion of the salt separates, while another remains 
dissolved. 

1943. The colour of the blood has generally been 
referred to small globules of a red colour, which by tbe 
aid of the microscope may be discerned in it ; and it 
was supposed that these globules are soluble in water. 
But it has been shown by Dr. Young, tliat this is not 
tbe case, and that the effect of water is to dissolve tbe 
colouring matter only, leaving the globule perfectly 
colourless ; in this state the globular particles have the 
properties of albumen. The diameter of the globules 
in human blood varies from ^sVo '^ foVs- ^f Mi ^^^h. — 
Remarks on Blood and Pus^ in Dr. Toung's Medical 
Literature. 

The colouring matter of the blood can scarcely be 
obtained free from other substances. By stirring it 
during coagulation, a considerable portion is diflhsed 
through the serum from which it afterwards subsides. 
Vauquelin advises tlie digestion of the coagulum, 
drained of serum, in dilute sulphuric acid, at a tem- 
perature of 160^. The liquid, filtered while hot, is to 
be evaporated to half it^ bulk, and nearly saturated 
with ammonia ; the colouring matter falls, and is to 
be washed and dried. {Annates de Chimie et Physique, 
Tom. i.) We must not, however, trust animal prin- 
ciples to these complex operations ; and there can, I 
think, be little doubt that the colouring principle has 
undergone some change in M. Vaiiquelin's process. 

The chemical properties of the colouring matter of 
the blood show that it is a peculiar animal principle. 



COLOURING MATTER OK THE BLOOD. 181 

It is Bohible in cold water, and the solution, when 
bofledy deposits a brown sediment of altered colouring 
matter. Muriatic, dilute sulphuric, and several of the 
vegetable acids, and the caustic and carbonated alcalis, 
readily dissolve the colouring matter, and form solu- 
tions of different tints of red, and of a peculiar green- 
ish hue when viewed by transmitted light. Nitric acid 
instaotly renders these solutions brown, and decomposes 
the red principle. These experiments, of which I have 
givoi a detailed account in the Philosophical Trans- 
actions for 1812, led me to regard the colouring matter 
of the blood as a distinct proximate principle of animal 
matter, perfectly independent of the presence of iron, 
to which its peculiarities were at one time referred by 
MM. Fourcroy and Vauquelin ; and the .latter of these 
celebrated chemists has more lately verified my con- 
clusions in the above-quoted memoir. Berzelius, whose 
labours in animal chemistry are so extended and well 
known, has, however, obtained different results ; he 
finds the crassamentum of the blood to consist of 

Colouring matter .......... 64i 

Fibrin and albumen 36 

100 

The colouring matter, when incinerated, affords a 
residue, consisting of 

Oxide of iron 50.0 

Subphosphate of iron 7.5 

IHiosphate of lime with magnesia 6.0 

Lime . • • 20.0 

Carbonic acid and loss 16.5 

100.0 
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The iron appears to be regarded by Berzelius an 
contributing to the red colour of the blood, (Thom* 
son's System, Vol. iv., p. 501.) a conclusion which my 
own experiments, detailed in the paper already quoted, 
by no means warrant, and which is also at variance 
with the opinion of M. Vauquelin.' 

1944i. Besides the principles now enmnerated, and 
which may be considered as essential to the blood, it 
often contains carbonic acid, which escapes when the 
blood is gently heated, or placed under the exhausted 
receiver of the air-pump. 

Experiments on the blood, in different diseases, have 
thrown no light whatever on their nature, nor have any 
material differences been found in the blood of the same 
animal at different periods, or in that of different ani- 
mals of the same class. 



Section III. Milk. 

194«5. The chemical properties of this secretion 
differ somewhat in different animals. The milk of the 
cow has been jnost attentively examined, and it has 
the following properties : 

It is nearly op^ue ; white, or sli^tly yellow ; of an 
agreeable sweetish taste, and a peculiar smelL Its 
specific gravity varies from 1018 to 1020. It boils at 
a temperature a little above that of water, and freezes 
at 32"^. When allowed to remain a' few hours at rest, 
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a thick unctuous liquid collects upon its surface, called 
cream; the colour of the remaining milk becomes 
bluish white, and when heated to about 100^ with a 
little rennet, it readily separates into a coagulum or 
curdy and a serum or whey. In this way the three 
principal constituents of milk are separable from each 
other. 

1946. By the process of churning, cream is sepa- 
rated into butter and butter-milk^ the latter being the 
whey united to a portion of curd. According to Ber- 
aelius, 100 parts of cream, of the specific gravity of 
1034<, consists of 

Butter 4.5 

Curd 3.5 

Whey .^ 92.0 

100.0 

Butter may be considered as an animal oil, contain- 
ing a small portion of curd and whey. It liquefies at 
about 98^, and by this process the impurities are sepa- 
rated, and it remains a longer time without becoming 
rancid. 

1917. The curd of milk has the leading properties 
of coagulated albumen, and, like that principle, is co- 
agnlable by alcohol and acids, and is also similarly 
affected by Voltaic electricity ; heat slowly produces 
the same effect, and by boiling milk, the albumen sepa* 
rates in successive films. 

1948. Curd, in combination with various pro- 
portions of butter, constitutes the varieties of cheese ; 
that containing the largest quantity of oil becomes 
semi-fluid when heated ; it is prone to decomposition. 
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and z large quantity of ammonia is then formed in it ; 
whereas bad cheese, which consists of little else than 
curd or albumen, shrinks and dries when heated, curl- 
ing up like a piece of horn. 

1949. Whey is a transparent fluid of a pale yellow 
colour and a sweetish flavour ; by evaporation it affords 
a minute quantity of saline matter, and a considerable 
portion of sugar of milk. 

1950. Sugar of Milk may be obtained in white 
rhomboidal crystals, of a sweet taste, and soluble in 
seven parts of water at 60°, but insoluble in alcohol 
When exposed to heat, it affords nearly the same pro- 
ducts as common sugai*. It consists, according to Ber- 
zelius, when deprived of water, of 

Carbon 45.367 

Oxygen 48.348 

Hydrogen 6.385 

100.000 

1951. When sugar of milk is treated with nitric 
acid, it affords a peculiar acid, similar to that above- 
mentioned, as obtained from gum (1534). To pro- 
cure this acid, one part of powdered gum arabic may 
be digested in two of nitric acid, in a moderate heat ; 
as soon as effervescence commences, set the flask in a 
cool place, and a quantity of white powder subsides, 
which is to be collected upon a Alter, digested in dilute 
nitric acid to separate oxalate of lime, and subsequently 
purifled by boiling water, which deposits the mucic or 
saclnctic acid on cooling. If sugar of milk be used 
instead of gum, it is obtained pure by the first opera- 
tion. This acid is not crystallizable, and is sparingly 
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soluble in water, requiring 60 parts at 212^ and is 
deposited as the solution cools, in the form of a white 
gritty powder, of a slightly acid taste. It combines 
with the metallic oxides, and forms a class of salts 
called saccholatts. It consists, according to Berzelius, 
{Annals of Philosophy, Vol. v.) of 

Carbon 33.4i30 

Oxygen 61.465 

Hydrogen 5.105 

looooo 

1952. The saccholatciy or saclactatesj have scarcely 
been examined. With ammonia^ potassa, and soda, this 
acid forms crystallizable compounds, more soluble than 
the add. The saclactates of lime, baryta, and strontia^ 
are insoluble, as are those of silver, mercury, and lead. 

1953. When milk or whey are exposed to a tem^ 
peratnre between 60° and 80°, they undergo a spon-* 
taneous change, attended by the production of an acid, 
whidi was originally examined by Scheele, and has 
been termed lacHc acid. Fourcroy and Yauquelin have 
diown reason to suspect its peculiar nature, and were 
led to r^ard it as identical with the acetic acid. Ber- 
zelios has more recently revived the opinion of Scheele, 
but I am induced from my own experiments to believe, 
that-if it be not the acetic acid originally, it becomes 
so by combination with a base, and subsequent separa- 
tion by sulphuric acid. 

1954. In some cases whey may be made to undergo 
vinous fermentation ; and the Tartars, it is said, prepare 
a kind of wine from the whey of mares' milk, which 
they call Koumiss. — Edinburgh Phil. Trans.,. Vol. ii. 
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Section IV. BUe. 

• 

1955. This secretion is formed in the liver, from 
venous blood. It is an unctuous liquid, of a yellowish 
green colour, and its specific gravity is between 1020 
and 1030. Its taste is intensely bitter, and it readily 
putrefies, exhaling a most nauseous odour. 

1956. When the bile of the ox is distilled, it affords 
about 90 per cent, of insipid water ; the residuum is 
brown, bitter, and may be re-dissolved in water ; it affords 
traces of uncombined alcali, which appears to be soda. 
The acids render bile turbid, and separate from it a 
substance ' which possesses many of the properties of 
albumen. It is likewise coagulated by alcohol^ and 
upon filtering off the clear liquor and evaporating it, an 
inflammable fusible substance is obtained, of an in- 
tensely bitter flavour, combined with a portion of soda 
and common salt: this has been termed the resin of 
bUe, and appears to be the principle which confers upon 
it its chief peculiarities. We should, therefore, conclude, 
as the result of these observations, that bile consists of 
water, albumen, soda, a bitter resin, and some minute 
portions of saUne matter. 

1957. Thenard separated from bile a peculiar sub- 
stance, which he has termed pkromel ; but the process 
by which he obtained it is so complex, that I think it 
doubtful whether it be a product or an educt The 
same chemist has given the following table of the in- 
gredients of ox-bile, but as this secretion is liable to 
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considerable variation in appearance and specific gra- 
vity, it is probable that little reliance can be placed in 
the accuracy of the numbers (Traite de Chimie, Tom. 
iii., p. 556.) : 

Water 700 

Resin *. 15 

Picromel 69 

Yellow matter 4 

Soda 4 

Phosphate of soda 2 

Muriates of soda and potassa 3.5 

Sulphate of soda 0.8 

Phosphate of lime and of magnesia. . 1.2 
Oxide of iron a trace 

1000. 

1958. Biliary Calculi are of two kinds; those 
which most commonly occur, are soft, fiisible, of a 
crystaUine texture, and inflammable. They have ge- 
nerally been considered as closely resembling sperma- 
ceti ; they are soluble in boiling alcohol, in ether, and 
difficultly in oil of turpentine. Chevreul, having re- 
marked some peculiarities in this substance, is induced 
to regard it as a peculiar animal principle, and distin- 
guishes it by the name of cholesterinc. 

1959. Cholesterinc is fusible at 280^, and on cool- 
ing concretes into a crystalline mass ; rapidly heated to 
about 400^ it evaporates in dense smoke ; it is insolu- 
ble in water, and nearly so in cold alcohol ; boiling 
alcohol dissolves about -^ its weight. It is soluble in 
nitric acid; but not convertible into soap by the alcalis. 

1960. The other kind of biliary calculus resembles 
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iospissated bile in appearance, but differs from it in 
being insoluble in alcohol and water. It is often mixed 
with variable proportions of the former, constituting' 
biliary calculi of intermediate characters. 

1961. The gall-stone of the ox is nearly insoluble 
in water and alcohol, and appears to consist chiefly of 
the yellow matter of bile; painters sometimes use it 
as a yellow pigment. 



Section V. Lymph, Mucus, Pus, &c. 

1962. The liquid which lubricates the different 
cavities of the body, which is contained in the lym- 
phatics, and which occasionally forms the chief contents 
of the thoracic duct, has been termed lymph. It is 
colourless, transparent, miscible in all proportions with 
water, does not affect vegetable blues, is not coagulated 
by acids or alcohol, but only rendered slightly turbid 
by the latter. It has the characters of a very weak- so- 
lution of albumen. 

The fluid which collects in cases of dropsy and in 
vesications, is of a similar nature, but the proportion 
of albumen is liable to variation, and hence it is dif- 
ferently influenced by tests ; when very rapidly thrown 
out from inflamed surfaces, it sometimes furnishes a 
coagulum, apparently as abundant as that of the serum 
of the blood. 

1963. The term mucus has sometimes been applied 
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ta tfaese fluids, when they have undergone a certain de- 
gree of inspissation ; at other times, it has been used 
to designate a very alcaline albuminous fluid. Dr. Bos- 
tock has pointed out some circumstances in which mucus 
differs from liquid albumen, and has proposed subacetate 
of lead as a test for its presence. (Nicholson's Jotir- 
mdf Vol. xi.) But that salt is so easily decomposed 
by many vegetable and animal substances, as to render 
it of doubtful efficacy for this purpose. 

1964. Saliva consists, according to Dr. Bostock, 
(Nicholson s Jourtial, Vol. xiv.) of 

Water 80 

Coagulated albumen 8 

Mucus 11 

Saline substances « » 1 

100 

9 

I found that it was copiously coagulable by the ac- 
tion of Voltaic electricity, and was hence induced to 
consider the mucus as a peculiar albuminous combina- 
tion, not coagulable by the usual means. — Phil. Trans., 
1809. 

1965. The Pafureatic juice has not been minutely 
examined, but from the experiments of Dr. Fordyce, 
it would appear to differ little from saliva. 

1966. Tears contain a small portion of albumen 
combined with soda, muriate of soda, and water. 
There are also small portions of other salts. 

1967. The humours of the Eye. The aqueous 
humour is composed of water holding a minute quan- 
tity of albumen and saline matter in solution ; the crys' 
talline lens aho contains more than half its weight of 
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water, the remainder being an albuminous substance 
with traces of muriates. 

1968. Synovia is the fluid which lubricates the 
surfaces of joints. It contains, according to Mr. Hat- 
chett, (PhU. Trans, y 1799.) a small portion of jAos- 
phate of lime, and of phosphate of soda and ammonia ; 
the animal principle appeared to be albumen. 

1969. Pus is a term applied to a variety of se- 
cretions from abcesses and ulcerated surfaces. When it 
indicates a healing sore, it has been called healthy pus, 
and has the following properties. It has the con- 
sistency of cream, a yellowish colour, and exhibits, 
under the microscope, the appearance of globules dif- 
fused through a fluid. (Home, On Ulcers, 2 Edit. , p. 13.) 
Its speciflc gravity is about 1.030. It does not affect 
vegetable colours till it has been some time exposed 
to air, when it becomes slightly sour ; it does not easily 
mix with water, alcohol, or dilute acids. — See Dr. Pear- 
son's Experiments on Pus, Nicholson's Journal, xxx. 



Section VI. Urine, Urinary Calculi, &c. 

1970. This secretion presents, perhaps, greater 
difliculties to the analytical chemist, than any other 
animal product ; it is extremely complex, and subject 
to constant change in the proportions of its components, 
and in disease several new substances make their ap- 
pearance. 
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The chemical history of the urine is of the utmost 
importance to the medical practitioner ; it teaches the 
nature of the substances which occasionally predomi- 
nate, so as to constitute gravel and calculi ; and shows 
the means of influencing and modifying its composition. 

The general characters of the urine are too well 
known to need description. Its specific gravity is of 
course liable to much variation even in the healthy 
state, fluctuating between 1005 and 1040. The ave- 
rage is about 1020. 

1971. The substances that are always found in 
urine are, according to my own experiments, the fol- 
lowing : 

1. Water. 

2. Carbonic acid. 

3. Phosphoric acid. 

4. Uric acid. 

5. Phosphate of lime. 

6. Phosphate of ammonia. 

7. Phosphate of soda. 

8. Phosphate of magnesia. 

9. Common salt. 

10. Sulphate of soda. 

11. Albumen. 

12. Urea. 

1972. The existence of free acid in recently 
voided urine is easily demonstrated by its property of 
reddening vegetable blues, and it performs the im- 
portant oflice of retaining some of the difficultly soluble 
salts in permanent solution ; so that whenever this na- 
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tural acidity is diminished, the urine has a tendency to 
deposit the earthy phosphates. 

1973. The presence of carbonic add may be 
shown by placing urine under the receiver of • the 
air-pump ; during exhaustion it escapes, sometimes co- 
piously, but at other times in minute quantities only. 

1974i. The free phosphoric acid may be shown by 
the addition of carbonate of lime, a portion of which 
is converted into phosphate of lime. 

1975. Uric acid is one of the peculiar charac- 
teristics of the urine ; its presence may be shown by 
evaporating urine to half its bulk, which produces a 
precipitate consisting of phosphate of lime and urie 
acid ; the former may be dissolved by dilute muriatic 
acid, which leaves the latter in the form of a reddidi 
powder. This acid has been very ably examined by 
Dr. Henry, who made it the subject of a thesis pub- 
lished in 1807 : Dr. Prout has also given much valuable 
information in relation to it. 

Uric acid, called sometimes lithic acid, as constituting 
the principal ingredient in certain urinary calculi, may be 
abundantly obtained by digesting such calculi (1990) in 
caustic potassa, filtering the solution, and adding excess 
of muriatic acid, which causes a precipitate of uric acid, 
which is to be washed with warm water, and dried. 

Uric acid thus obtained, is a grey powder, of scarcely 
any taste, and requiring, according to Dr. Henry, 1720 
parts of water at 60^, and 1150 parts at 212^ for solu- 
tion. It reddens infusion of litmus, and readily dissolves 
in caustic potassa, and soda ; it is sparingly soluble in 
ammonia, and insoluble in the alcaline carbonates. 

According to Dr. Prout, uric acid requires at least 
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10000 parts of water at 60^ for its solution, but urate of 
ammonia requires only about 480 times its weight at 
the same temperature, and affords a precipitate of uric 
acid, on the addition of any other acid ; for these, among 
other reasons. Dr. Prout regards urate of ammonia, 
and not pure uric acid, as existing in urine. 

1976. Uric acid dissolves in nitric acid, and upon 
evaporation a residuum of a fine red tint is obtained, 
which is peculiar to this combination, and which Dr. 
Prout has lately shown to possess distinct acid properties ; 
he has called it purpuric acid. — Phil. Trans. 1818. 

1977. When uric acid is submitted to destructive 
distillation, it affords carbonate of ammonia, and a pecu- 
liar compound, which sublimes in crystals, and which, 
according to Dr. Henry, consists of a peculiar acid 
united to ammonia ; a quantity of charcoal remains in 
the retort. Its ultimate constituents, according to Dr. 
Prout, are 

1 proportional of nitrogen 13 

2 „ carbon 5.7x2=11.4 

1 „ oxygen 7.5 

1 „ hydrogen 1 

1978. The urates have principally been examined 
by Dr. Henry, and an account of many of them is given 
in his Thesis above quoted. 

1979. Phosphate of lime may be precipitated from 
urine by the addition of ammonia ; its relative quantity 
is liable to much fluctuation ; sometimes it becomes so 
great as to be deposited as the urine cools, constituting 
what has been termed %iohite sand. 

VOL. III. (> 
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1980. The Phosphates of Ammoma^ of Soda, and 
of Magnesia^ and common SeUt^ constitute the principal 
crystallizable salts contained in the urine ; the first of 
these is probably in groat part produced during evapo- 
ration, for the saline mass obtained by inspissating urine 
is no longer acid ; the carbonic haying escaped, "and 
the phosphoric being saturated by ammonia. The mt- 
crocosmic salt, ot fusible salt of urine, of the old che- 
mists, is chiefly phosphate of ammonia with a little 
phosphate of soda, or perhaps a triple ammoma-fhosphatc 
of soda (598). 

1981 . The Ammoniaco-magnesian Phosphate (693) 
is a common, and almost constant ingredient in flie 
urine. It forms a part of the white sand voided in cer- 
tain calculous affections, and is sometimes formed in a 
film upon the surface of the urine, having been hdd in 
solution by carbonic acid, and being deposited aa that 
gas escapes. 

1982. The existence of sulphuric add, probably 
combined with soda, and perhaps also with potassa, may 
be detected in urine by the addition of nitrate of barjrta, 
which occasions a precipitate of sulphate of baryta. 

As urine blackens silver, it has been said to contain 
sulphur ; but this is not the case with recent urine, and 
when it becomes slightly putrid it evolves a little sul- 
phuretted hydrogen. 

1983. The existence of albuminous matter in urine 
is sometimes easily demonstrated ; at others, the secre- 
tion seems not to contain it. It has been said, by Mr. 
Cruikshank, that the urine in some dropsical cases con- 
tains so much albumen as to be coagulable by heat, 
(Phil, Mag. Vol. ii.) but if that ever be the case, the 
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secretion could hardly be called urine. It seems ques- 
tionable whether the albumen of urine should not some- 
times be regarded as derived from the mucous secretion 
of the bladder. Dr. Prout, in his Inquiry into the Na- 
iure and Treatment of Gravel, &c., has described some 
cases of albuminous urine, and has adverted to its me- 
tbodofcure. 

1984. Urea is the principle which confers upon 
urine its chief peculiarities. It may be obtained by 
clowly evaporating urine to the consistency of syrup ; 
on cooling it concretes into a saline mass, which, by 
digestion in alcohol, furnishes urea. By carefully dig- 
tilling off the alcohol, tlic urea remains in the form of 
a brown crystallized mass, which, by purification, fur- 
nishes colourless prismatic crystals. 

Other processes have been given for obtaining urea, 
which are, I tJiink, objectionable, on account of their 
complexity ; indeed it is doubtful whether, by the action 
of heat and alcohol, as above described, it is not eon* 
siderably altered. 

Urea is very soluble ; water, at 60^, takes up 
about its own weight, and boiling water appears to dis* 
solve it in any quantity, and without alteration : boilii^ 
alcohol takes up its own weight, and on cooling tlie 
urea separates in crystals. Sulphuric ether scarcely 
dissolves an appretiable portion. Nitric acid produces 
a crystalline precipitate in the aqueoas solution of urea^ 
consisting of the two substances, according to Dr. Prout, 
in the following proportions : 

Nitric acid 47.37 

Urea 52.63 

lOOOD 
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A very similar coihpound may also be produced with 
oxalic acid. 

The fixed alcalis decompose urea» and occasion the 
evolution of ammonia and some other products. It is 
to this substance that the copious production of volatile 
alcali, during the destructive distillation of urine, is re- 
ferable ; and the ammotiia which is found in combina- 
tion with the acids, in. putrid urine, is derived from the 
fKame source. 

Urea combines with most of the metallic oxides; 
with oxide of silver the compound is grey, and it de- 
composes with detonation, when heated. 

According to Dr. Prout's analysis (Henry's Elements^ 
Vol. ii. p. 327,) urea consists of 
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In some diseased states of the urine there is a morbid 
excess of urea, which may be detected by putting a little 
of the urine into a watch-glass, and carefully adding an 
equal quantity of nitric acid, in such a manner that the 
acid shall subside to the lower part of the glass ; if spon- 
taneous crystallization take place, it indicates excess of 
urea. — Prout on Gravel, &c., p. 10. 

1985. Such are the properties of the principal in- 
gredients in human urine, to which several others have 
been added by different chemists ; but as their existence 
is only occasional, and often, I think, doubtful, I have 
hesitated to give them a place among the regular con- 
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rtituenU of healthy urine. I now subjoin Berzelius* 
statemeirt of the average composition of human urine. — 
Thomson's ArniaU, Vol. ii. 4123. 

Water 933.00 

Urea 30.10 

Sulphate of potassa 3.71 

Sulphate of soda . • 3.16 

Phosphate of soda 2.94« 

Muriate of soda 4.45 

Phosphate of ammonia 1.65 

Muriate of ammonia 1.50 

Free lactic acid 

Lactate of ammonia iryi^ 

Animal matter soluble in alcohol f 

Urea not separable from the preceding . . J 

Earthy phosphates, with a trace of fluate ofi . 

lime J 

Uric acid 1.00 

Mucus of tlie bladder 0.32 

Silica 0.03 

1000.00 

1986. The urine suffers some very remarkable 
changes in certain diseases, which have been but super- 
ficially inquired into by chemists. In cases of injury of 
the spine, affecting the nerves that supply the kidneys, 
the urine is always turbid, and often alcaline ; and there 
is a considerable tendency in these cases to form calculi. 
In the disease called diabetes, the urine is not only se- 
creted in excess, but often contains a substance of a sweet 
taste, having the properties of sugar, and its specific 
gravity is considerably above the healthy standard 
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(Henrv oji Diabetic Urine. Medico-C/drurgical Trans. 
Vol. ii. p. 118.) The following Table, constructed by 
Dr. Henry, shows the quantity of solid extract in a wine . 
pint of urine, of different specific gravities, from 1030 
to 1050. In the experiments which furnished the data 
of this table, the urine was evaporated by a steam heat 
till it ceased to lose weight, and left an extract, which 
became solid on cooling. — Prout on Gravely p. GZ^ 
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1 987. The urine of graminivorous animals differs 
considerably from that of the human subject. Carbo- 
nates, mnriates, and phosphates, are the leading ingre* 
dients ; it also contains orea, but not uric acid ; potassa 
is usually the predominating alcali. In the Phil. Trans. 
for 1808, 1 have given an account of the composition of 
several species of urine, and in that of the camel I de- 
tected a small portion of uric acid : but as the animal 
was diseased, its presence was probably accidental, more 
eqiecially as it has not been found by other chemists. 

In the urine of the snake, and of most birds that feed 
upon fish and animal matter, uric acid is the leading in- 
gredient. It is also abundant in the excrement of the 
parrot, and of other birds who feed upon vegetables 
only.— J. Daw, Phil. Trans. 1821. 

1988. It frequently happens, from a variety of 
causes, that certain ingredients of human urine are se* 
creted in excess, and deposited in a solid form, consti« 
tuting sand, or gravel and co/cu/t. 

Sand is either white or red ; the former consists of 
{diosphate of lime, and ammoniaco-magnesiaii phosphate^ 
either separate or mixed, and the latter is chiefly uric 
acid. The former deposition is prevented by the use of 
acids, and the latter by alcalis and the alcaline earths. 
The modes of exhibiting these remedies, and the effects 
which they produce, I have described in a paper printed 
in the Quarterly Jounud of Science and Arts, Vol. vi. 

1989. Urinary calculi are, for the most part, com- 
posed of materials that exist at all times in the urine, 
though there are a few substances that only make their 
occasional appearance in them. The following are their 
component ingredients : 
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1. Uric acid. 

2. Urate of ammonia. 

3. Phosphate of lime. 

4. Ammonio-magnefiian phosphate. 
|5. Oxalate of lime. 

6. Carbonate of lime. 

7. Cystic oxide. 

1990. The calculi composed of uric acid, of which 
the chemical properties have already been described 
(1975), are ofabroWnor faw-n-colour ; and, when cut 
through, appear of a more or less distinctly laminated tex- 
ture. Their surface is generally smooth, or nearly so, bemg 
sometimes slightly tuberculated. Before the blow-pipe 
this calculus blackens, and gives out a peculiar ammo* 
niacal odour, leaving a minute portion of white ash : it 
is soluble in solution of pure potassa, and heated with a 
little nitric acid, affords the fine pink compound, above- 
mentioned (1976). 

1991. Phosphate of lime calculus is of a pale brown, 
or grey colour, smooth, and made up of regular and easily 
separable laminae. It is easily soluble in muriatic acid 
and precipitated by pure ammonia, and does not fine 
before the blow-pipe. Calculi from the prostate glatid, 
are always composed of phosphate of lime. 

19^. The ammonio-magnesian, or triple calculus, is 
generally white, or pale grey, and the surface often pre- 
sents minute crystals ; its texture is generally compact, 
and often somewhat hard and translucent ; heated vio- 
lently by the blow-pipe, it exhales ammonia, and leaves 
phosphate of magnesia. It is more easily soluble than 
tlie preceding, and oxalate of ammonia forms no preci- 
pitate in its muriatic solution. 
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1993. It frequently happens that calculi consist of a 
mixture of the two last-mentioned substances, in which 
case they melt before the blow-pipe, and are hence termed 
fusible calculi. They are white or nearly so, and softer 
tiian the separate substances, often resembling chalk in ap« 
pearance. They are easily soluble in muriatic acid, 
and if oxalate, of ammonia be added to their solution, 
the lime is precipitated in the state of oxalate. 

1994*. Oxalate of lime forms calculi, the exterior co- 
lour of which is generally dark brown, or reddi^ ; they are 
commonly rough, or tuberculated upon the surface, and 
have hence been called mtdberry calculi. Before the 
blow-pipe they blacken and swell, leaving a white in- 
fusible residue, which is easily recognised as quicklime 
(1721). Small oxalate of lime calculi are, however, 
sometimes perfectly smooth upon the surface, and much 
resemble a hempseed in appearance. 

1995. Urate of ammonia I admit among urinary cal- 
culi» upon the authority of Dr. Prout, my own experi- 
nients having formerly induced me to doubt its existence 
(Phil. Trans. 1808). Its surface is sometimes smooth, 
sometimes tuberculated; it is made up of concentric layers, 
and its fracture is fine earthy, resembling that of compact 
limestone ; it is generally of a small size, and rather 
uncommon, though it often occurs mixed with uric acid. 
It usually decrepitates before the blow-pipe, is more 
soluble than the uric calculus, evolves ammonia when 
heated with solution of potassa, and is readily soluble in 
the alcaline carbonates, which pure uric acid is not. 

1996. Dr. Prout and Mr. Smith {Med. ct Chir. 
Tram. xi. 14.) have described calculi * composed almost 
entirely of carbonate of lime, but this species is ex- 
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oeedingly rare^and among several hundred calculi which 
I have examined, I never met with it.' from the human 
bladder. 

1997. Cystic oxide is a peculiar animal substance; the 
calculi composed of it, which are rare, are in appearance 
most like those of the ammonio-magnesian phosphate. 
They are soft, and when burned by the blow-pipe, 
exhale a peculiar foetid odour. They are soluble in 
nitric, sulphuric, muriatic, phosphoric, and oxalic acids, 
and also in alcaline solutions. 

1998. The substances which have been described, 
witli the exception of cystic oxide, are sometimes inti- 
mately blended in calculi ; sometimes they form altematp 
ing layers ; and in a few cases four distinct layers have 
been observed, the nucleus being uric, upon which the 
oxalate, and phosphate of lime, and the triple phosphate, 
are distinctly and separately arranged. 

1999. Dr. Marcet has described a calculus composed 
of a peculiar animal matter, which he calls Xanthic Ojddc, 
from its property of giving a yellow colour when acted 
on by nitric acid : he has also announced the existence 
of calculus composed of fibrine. — Essay an Calcuhus 
Disorders, 2d edit. p. 103. 

2000. These are the principal chemical facts belong- 
ing to the history of urinary calculi. In Dr. Wo11aston*8 
valuable papers upon this subject {PhU. IVans. 1797 and 
1810,) much additional information will be found. In 
thesame work (1806, 1808, and 1810,) I have given 
some account of their peculiarities, depending upon their 
situation, and have also discussed the operation of sol- 
vents, a subject which I have taken up more in detail in 
the Quarterly Journal of Science and the Arts, Vol. viii. 
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Dr. Marcet and Dr. Prout have also published excel- 
lent dissertations on Calculous Disorders, containing all 
that is most important upon the subject. 



Section Vll. Cutis, or SHn ; Membrane^ &c. 

2001. The skin of animals consists of an exterior 
albmninous covering, or cuticle, under which is a thin 
stratum of a peculiar substance, called by anatomists 
rete mucosum, and which lies immediately upon the 
cutis, or true skin, of which the principal component is 
gelalmc. 

2003. The following are the chemical properties 
of pure gelatine. It is colourless, semi-transparent, and 
nearly tasteless. It is softened by long-continued im- 
mersion in cold water : in hot water it readily dissolves, 
and forms a solution of as lightly milky appearance, which, 
if sufficiently concentrated, concretes on cooling into the 
tremulous mass usually called jelly, and which is easily 
soluble in cold water ; when dried in a gentle heat it 
acquires its original appearance, and is as soluble as 
before. When dry, gelatine undergoes no change, but 
its solution soon becomes mouldy and putrescent. Sub- 
mitted to the action of heat, it affords the usual products 
of animal substances. — Hatchett. Philos. Transact. 
Vol. xc. 
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It is readily soluble in diluted acids and alcaline so- 
lutions, and forms no soap with the latter. Its aqueous 
solution is not affected by solution of corrosive subli- 
mate, and few of the metallic salts occasion any preci- 
pitate in it. Chlorine passed through its solution, occa- 
sions a white elastic matter to separate, which is not 
soluble in water, and which in some properties resembles 
albumen. It is insoluble in alcohol and ether. Solu- 
tion of tannin occasions a white precipitate in solution 
of gelatine ; and hence, vegetable astringents, such as 
galls or catechu, are generally employed as tests for its 
presence. But as tannin precipitates albumen, it cannot 
be relied on as an unequivocal test, unless we previously 
ascertain the non-existence of albumen by corrosive 
sublimate. — Bostock. Nicholson's Journal^ xiv. and 
xxi. 

Mr. E. Davy recommends sidphate of platinum as a 
very delicate test of gelatine, with which it forms a 
brown insoluble compound, in solutions too weak to be 
affected by vegetable astringents. — Phil. Trans. 1820, 
p. 119. 

2003. The action of sulphuric acid upon gelatine 
has been investigated by M. Braconnot Twelve 
parts of powdered glue and 24 of sulphuric acid, were 
left together for 24 hours ; about 60 parts of water were 
then added, and the whole boiled for 5 hours, adding 
water at intervals ; the solution was then saturated with 
chalk, filtered, and suffered to evaporate spontaneously. 
In a month crystals were deposited, which, being purified 
by solution and a second crystallization, much resembled 
sugar of milk, though they differ from tiiat substance in 
affording a peculiar acid, called by M. Braconnot Jiibr(h 



saccharine acid, when acted upon by nitric aciid. — Ann. 
de Chimie et Phys., xiii. 

20044. The different kinds of gelatine differ con- 
siderably in viscidity. Mr. Hatchett has remarked that 
Che gelatine obtained from skins possesses a degree of 
viscidity inversely as their softness or flexibility ; the 
most adhesive kinds of gelatine, too, are less easily so- 
luble in water than those which are less tenacious. The 
principal varieties of gelatine in common use are, 

a. Glue, which is prepared from the clippings of 
hides, hoofs, ^c, obtained at the tan-yard ; these arc 
first washed in lime-water, and afterwards hoiled and 
skimmed; the whole is then strained through baskets, 
and gently evaporated to a due consistency ; afterwards 
it is cooled in wooden moulds, cut into slices, and dried 
upon coarse net-work. Good glue is of a semi-trans- 
parent and deep brown colour, and free from clouds and 
HBpots. When used it should be broken into pieces, and 
steeped for about 24 hours in cold water, by which it 
softens and swells ; the soaked pieces may then be melted 
over a gentle fire, or in a water-bath, and in that state 
applied to the wood by a stiff brush. Glue will not 
harden in a freezing temperature, the stiffening depend- 
ing on the evaporation of its sii^erfluous water. 

b. Size is less adhesive than glue, and is obtained 
from parchment shavings, fish-skin, and several animal 
membranes. It is employed by bookbinders, paper- 
hangers, and painters in distemper, and is sometimes 
inixed with flour, gum, ^c. 

c. Isinglass is prepared from certain parts of the 
entrails of several fish ; the best is derived from the 
sturgeon, and is almost exclusively prepared in Russia. 
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It should be free from taste and smell, and entirely so- 
luble in warm water, which is seldom the cas6, in con- 
sequence of the presence of some albuminous parts. 
When the jelly of isinglass is concentrated by evapora- 
tion and carefully dried, it forms a very choice kind of 
glue. — AiKiN's Dictionary t Art. Gelatine. 

2005. heather is a compound of gelatine and ve- 
getable astringent matter, formed by steeping the skins 
of animals in the infusions of certain barks. The skins 
are previously prepared by soaking in lime-water, which 
renders the cuticle and hair easily separable, and are 
afterwards softened by allowing them to enter into a 
degree of putrefaction. In this state they are sobmitted 
to the action of infusion of oak-bark, or other astringent 
vegetable matter (15S7), the strength of which is gm- 
dually increased until a complete combination has taken 
place, which is known by the leather being of an uni- 
form brown colour throughout ; whereas, in imperfectly 
tanned leather a white streak is perceptible in the centre; 

Tawed leather is made by impregnating the skin dnly 
prepared, with a solution of alum and common salt ; it ii 
afterwards trodden in a mixture of yolk of eggs and water. 

Curried leather is made by besmearing the skin, or 
leather, while yet moist, with common oil, which, ai 
the humidity evaporates, penetrates into the pores of 
the skin, giving it a peculiar suppleness, and making it, 
to a considerable extent, water-proof. As familiar ex- 
amples of these processes, the thick sole-leather for shoes 
and boots is tanned ; the upper-leather is tanned and 
curried ; the white leather for gloves is tawed ; and fine 
TTurkey-lcather is tawed, and afterwards sVigVtly tanned. 
-r-AiKiN> Dictionary, Art. Leather. 



MEMBRANES, MUSCLE, LIGAMENT, ^C. 307 

2006. The different membranes of the body, and 
the tendons, are chiefly composed of gelatine, for by 
long digestion in warm water they gradually soften, and 
become ultimately almost perfectly soluble. 



Section VIII. Muscle, LigameiUs, Iloni, Hah\ ^t. 

2007. When the muscular parts of animals are 
washed repeatedly in cold water, the fibrous matter 
which remains consists chiefly of albumen, and is in its 
chemical properties analogous to the clot of blood 
(1912). Muscles also yield a portion of gelatine ; and 
the flesh of beef, and some other parts of animals, 
afford a peculiar substance of an aromatic flavour, called 
by Thenard, osmazome. 

2008. 30 parts of beef flbre, acted on by as much 
sulphuric acid, yielded M. Braconnot a portion of fat, 
and on diluting the acid mixture, and saturating with 
chalky filtering, and evaporating, a substance, tasting 
like osmazome was obtained, which was often boiled 
in different portions of alcohol : the alcoholic solutions, 
on cooling, deposited a peculiar white pulverulent mat- 
ter, which Braconnot calls leucine, and which acted 
apon by nitric acid, affords a crystallizable nitroleucic 
acid. — Annales de Chimit et Phys., xiii. p. 118. 

2009. Ligaments, horn, nail^ void feathers^ consist 
principally of albumen. 
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3010. Hair consists principally of a substance, 
having the properties of coagulated albumen. It also 
contains gelatine, and the soft kinds of hair yield it 
more readily than those which are harsh, strong, and 
elastic. — Hatchett. Phil. Trans. 1800. 

Yauquelin discovered in hair two kinds of oil ; tbe 
one white, and existing in all hair ; the other coloured, 
yellow from red hair, and dark coloured when obtained 
from dark hair. Black hair also contains iron and 
sulphur. He supposes that where hair has become 
suddenly gray, the effect is produced by tlie evolution 
of acid matter, which has destroyed the colour of the 
oil. 

20\ I. Feathers, quills, nndwool, are also possessed 
of the properties of albumen, and appear to contain 
no gelatine. 



Section IX. Fat, Spermaceti, &c. 

2012. The fat of animals, when freed by fusion 
or pressure from cellular membrane, is of various 
degrees of consistency, as seen in tallow, lard, and oil. 
When pure, it has little taste or smell, but it acquires 
both by keeping, and becomes rancid and slightly sour. 
The softer varieties fuse at about 90°, and tlie harder 
at 120^ Decomposed at a red heat, they afford abun- 
dance of defiant gas, and a small portion of charcoal ; 
products analogous to those of vegetable oil. (741.) 
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When barned, they produce water and carbonic acid, 
containing the same ultimate elements, in the same pro- 
portions as vegetable oils. (1619.) 
Tliey also produce soaps by combination with alcalis. 

Nitric acid, heated in small quantity with any of the 
&tty sabstances, renders them harder, and considerably 
inereases their solubility in alcohol. Among the vege- 
table oils this change is most remarkably produced upon 
Mcoa-nit, and castor-oils, the latter becoming con- 
verted into a solid matter, which, when cleansed of 
adhering acid by washing, resembles soft wax. 

2012. The experiments of Braconnot and Chev- 
renly already quoted (1613) have shown that the dif- 
ferent kinds of oil and fat contain two substances, to 
which they have given the names stearinc and elainct 
the former solid, the latter liquid at common tempera- 
ftnrea. The following table shows their relative proper- 
tioDS in different fats and oils -: 



Butter, made in summer -i60 40 

Ditto, winter 37 63 

Hogs'-Iard 62 38 

Beef-marrow Si 76 

Mutton ditto 74 26 

Gtfogerfat 68 32 

Oucks'-fat ,9!2 : 28 

Tnrkeys'-fat. 74 26 

Oli^ttroU 72 28 

Afanond-oil 76 24 



Tbieae principles may . be obtained by boiling hogs'^ 
ird in aIc(Aol ; the fluid, on cooling, deposits a cry- 
VOL. ui. p 
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stailine matter, which is to be purHied by a second 
solution and crystallization; it is then pure ifeormp 
white, brittle, tasteless, alid inodorous; it fuses at a 
little bdow 120^, and forms soap with alcalis. 

When the alcohol which has deposited tiie whble of 
the stearine is distilled, an oily liquid remains, wliioB 
is daine. It is fluid at 58^ ; it generally is of a ycdlow 
colouih, arid is convertibte into soap. 

2013. When soap composed of bogs*lttrd and 
potassa, is put into water, a portion only if dissolyed ; 
the remainder consists of white scales, composed ef 
fte alcali united to a peculiar acid, called by CKevreol, 
from its pearly appearaiH^e, margdriHc acidt and sepa- 
rable from the above combination by muriatic acid. 

It is insoluble in water, tasteless, fusible at ISI^, 
and crystallizes on cooling in brilliant white needles. 
It is soluble in alcohol. It unites with potassa in two 
proportions, the one compound containing 100 acid + 
8.80 potassa; the other, 100 acid + 17.77 potassa. 
These compounds have been termed' tnargarates of 
potasM. 

2014. The portion of the hogs'-lard soap solubk 
in water, consists of another peculiar substance united 
to potassa, which Chevreul has called oleic acid. It 
may be obtained from its solution by tartaric acid, 
which causes it to separate in the form of an oily matter, 
that is to be again united to potassa, and separated as 
before. This substance solidifies at about 40^, and it 
forms compounds, called oleates. It af^pears probable 
th^t, by the action of alcalis, the stearine is converted 
into what Chevreul has termed margaric acid, and the 
elaine into oleic acid. — Armales de Chimie, xciv. 
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2015. By mixing 1 volume of carbonic acid with 
10 of carburetted hydrogen, and 30 of hydrogen, and 
passing the mixture through a red-hot porcelain tube, 
Berard is mid to have produced a substance in small 
i^te crystals, having many of the properties of fat. — 
Thomson's .ilima/9, xii. 

2016. Spermaceti or Cetine is a pecidiar matter, 
which concretes from the oil of the spermaceti whale. 
It (uses at 1 12°, and at higher temperatures is volatile, 
but if * repeatedly distilled it loses its solid form, and 
becomes a liquid oil. It is soluble in boiling alcohol, 
and abundantly so in ether. It forms a soap with po- 
tassa, which yields, on decomposition, a substance called 
by Chevreul, cetic add. — Annales de Chwm, xcv. 

2017. In the yoli of eggs there is a considerable 
quantity of oily matter, which may be obtained by 
pressure after boiling ; H is yeUow and tasteless. 

2018. Ambergris, which is a concretion from the 
intestines of the spermaceti whale, ^so contains a con- 
siderable portion of fatty matter, amounting in some 
specimens to 60 per cent. It is only found in the 
unhealthy animal. — Home's Lectures on Comparative 
Anatomy, Vol. i., p. 470. 

2019. The brain of animals, when boiled in al- 
cohol, furnishes a peculiar fatty matter, which the so- 
hitipn deposits as it cools, in brilliant scales. It requires 
a hij^r temperature than that of boiling water for its 
fosiiMi, and s^pears in many respects analogous to 
cholesterine. (1959.) The same substance is often 
seen in the alcohol employed to preserve anatomical 
prepiarations of the brain and nerves. 
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Section X. Cerebral SubsUxnct. 

2030. According to Vauquelin, the cerebral mi- 
stance consists of 

Water 80.00 

White fatty matter 4.53 

Red fatty matter 0.70 

Albmnen 7.00 

Osmtuzome 1.12 

Phosphorus « . . 1.50 

Acids, salts, and sulphur • . . .' 5.15 

100 

The pulp of nerves seems to be of a similar nature.— 
Thomson's Systeniy Vol. i?., p. 483. 



Section XI. Shell and Bone. 

3031. We are indebted to Mr. Hatchett for two 
excellent dissertations on the chemical prop^ties of 
these parts of animals, published in the Philosapkkal 
Transactions for 1799 and 1800. 

He has divided shells into two classes ; the texture of 
the first is compact, brittle, and resembling porcelain ; 
their surface is smooth, and they are often beautifully 
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variegated. When exposed to a red heat they crackle, 
and lose the colour of their enamelled surface, emitting 
scarcely ^any smoke or smell. They dissolve in dilute 
muriatic acid with copious effervescence, and form a 
transparent solution, in which neither pure ammonia 
nor acetate of lead produce any precipitate, but car- 
bonate of ammonia throws down carbonate of lime. 
Hence these, which are called porcellaneous shells, may 
be considered as composed of carbonate of lime, united 
to a very small portion of gelatine: most of the univalve 
shells, such as whelks, limpets, cowries, ^ and many of 
the beautiful convoluted shells of tropical countries, 
belong to this class. 

2022. The second class, or mother-of-pearl shells^ 
are tougher, glossy, and iridescent ; they are mostly 
bivalves, and all the oyster and muscle species belong 
to it. When heated, they exhale smoke and the smell 
of burned horn ; immersed in muriatic acid, they only 
partially dissolve, and leave a series of cartilaginous 
layers, and an outer epidermis. Each membrane appears 
to have a corresponding stratum of carbonate of lime, 
the solution indicating no trace of any phosphate. The 
animal part is in some cases, as in mother-of-peail, 
tou^ and indurated, and when dried becomes exactly 
like horn; in other instances, as in the bone of the 
cuttle fish, it appears in the form of delicate and tender 
membrane. 

In both classes of shells, therefore, the hardening 
principle is carbonate of lime ; in porcellaneous shells 
there is very little animal matter, which is gelatine; 
and in mother-of-pearl shells, it is albumen, and in larger 
quantities. 
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2023. Pearls are exactly similar in comiKwitioii 
to what is termed mother-qf-pearl, in which Mr. Hat* 
chett found 

Carbonate of lime 66 

Albumen S4« 

loo 

2024*. In the scales of fish, and in the cruris of 
lobsters, crabs, prawns, and cray-fish, Mr. Haldiett 
found the animal portion to consist of cartilage ; the 
hardening part was a mixture of carbonate and pboi- 
phate of lime. From lobster-shell Merat-Guillot' ob- 
tained 

Carbonate of lime 60 

Phosphate of lime 14* 

Cartilage S6 

loo 

Vauquelin obtained from 100 parts of hen*s egg^hdl 

Carbonate of lime 89.6 

Phosphate of lime 5.7 

Animal matter 4.7 

100 

2035. Zoophytes, according to Mr. Hatchett's re- 
searches, may be divided into four classes ; the fint 
resemble porcellaneous shells, and consist entirdy of 
carbonate of lime, with a very minute quantity of 
gelatinous matter; pf this the common white coral 
(madrepora virginea) is an example. The second con- 
sists of carbonate of lime, and a cartilaginous substance, 
and are therefore analogous to mother-of-pearl diell; 



/ 
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to this clan belong the madrtpora ramea^ and madrepara 
fasdcularis. The third class is composed of a car- 
tilaginous midter, with carbonate and phosphate of 
lime ; to thif belongs the red coral (gorgonia nobilis). 
The fourth class contains sponges, composed almost 
entirely of albuminous matter. — Pkil. Trans.^ 1800. 

2026.. BoWf^ and Itory^ like the preceding sub- 
stances, is essentially composed of soft uid hard parts. 
When ground bone is digested in warm water, a portion 
of fat is first separated, and by long-continued ebullition, 
a solution which gelatinizes on cooling is obtained. If 
fresh bone be immersed in diluted muriatic acid, the 
fat, gelatine, and hardening matter are dissolved, and 
a Idnd of skeleton of the bone remains in the form of 
a cartilaginous substance, which when dried exactly 
resembles horn. It appears, therefore, that the soft 
parts of bone are, faU gelatine, and albumen. 
, The earthy salts, which constitute the hardening prin- 
cdple of bone, are phosphate and carbonate of lime, 
with a minute quantity of sulphate of lime, and traces 
of phosphate of magnesia. Fpurcroy and Vauquelin 
obtained from ox^bones. 

Animal matter •• ^. 51 

Phosphate of lime 37.7 

Carbonate of lime 10 

Phosphate of magnesia • • • • - 1.3 

100 

2027. The enamel of teeth is perfectly destitute of 
cartilage, and consists chiefly of phosphate of lime and 
a portion of gelatine. Mr. Pepya found its component 
parts 
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Phosphate of lime ..•••,•••• 78 

Carbonate of lime. 6 

Gelatine c • 16 

100 

• « 

The same chemist has given the following at the com- 
position of the teeth (Fox, On the Teeth) : 

Roots or Teeth of TirnTtilfc 

tlM Tcelb. Adalti. 



Phosphate of lime. • 58 .... 64« .... 62 

Carbonate of lime • • 4 «... 6 .... 6 

CartUage 28 20 .... 20 

Loss..... 10 .... 10 .... 12 

100 Too 100 

■ ■ ' 

2028. When bones are submitted to destmctife 
distillation, the gelatine and albumen which they wu^ 
tain is abundantly productive of ammonia ; water, 
and carbonic acid are also formed and a portion of 
highly foetid empyreumatic oil. There remains in the 
vessel a quantity of charcoal mixed with the earthy 
substances, which is, in that state, called ivory black. 
It is employed as the basis of some black paints and 
varnishes. 



Section XII. Of Aninal Functions. 

2029. Chemistry has hitherto done little towards 
elucidating the functions of animals^ and it is scarcely 
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possible to describe the little that has been done, with- 
out such frequent reference to anatomical and physiolo- 
gical inquiries as would be irrelevant to the present 
work; I shall, therefore, only enumerate the principal 
diemical phenomena that have been experimentally 
illustrated, in relation to this subject 

2030. Digestion is a process by which the food of 
animals is converted into chyle, and which, in conjunc- 
tion with respiratian, tends to the production of blood. 
The mechanism by which it is carried on differs con- 
siderably in the different classes of animals ; the pre- 
sent remarks will relate chiefly to man, and to the car- 
niyorous tribe. 

The food, duly masticated in the mouth, and blended 
with a considerable portion of saliva, is propelled into 
the stomach, where it soon undergoes a remarkable 
cbai^, and, in the course of a few hours, is converted 
into an apparently homogeneous pulpy mass, which has 
be^i termed chftnc^ and which has little or no resem- 
blance to the original food. This very curious change 
is. only referable to the operation of a secretion peculiar 
to certain glands of the stomach ; it has been termed 
gastric jvke^ and all that is known respecting it is, that 
it has very energetic solvent powers, in regard to the 
greater number of animal and vegetable bodies; the 
remarkable property of living substances to resist its 
artion is curiously illustrated by the circumstance that 
the stomach itself, aftier death, is occasionally eaten 
into holes by its action ; it instantly coagulates all albu- 
minous substances, and afterwards softens and dissolves 
the coagnlom. There are some substances that remark- 
aUy resist its action, such as the husk of grain, and of 
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many seeds, which, if not previously broken by mwh 
tication, pass through the stomach and bqwels nearly 
unaltered. It is hardly worth while to detail Ihe expe- 
riments that have been undertaken' on the. gastric JHiee, 
since they af e . much at varilmce, and it is imponible 
to say whether the secretion haa ever been ezamiiied 
in a state even approaching to puirity.. It hH been 
described as a glairy fluid, of a saline taste ; someUmai 
it is said to be acid, and sometimes bitter ; but no lif^ 
whatever has been thrown by any of these reteardies 
upon the cause of its singular solvent energies. 

It has sometimes been matter of surprise, that al* 
though animals drink copiously with their food, the 
consistency of the chyme is not affected by it, and by 
the time that it reaches the right, or pyloric extremity 
of the stomach, the liquid has disappeared. Sir Everard 
Home's curious physiological researches have shown 
that liquids are copiously and rapidly removed by ad- 
sorbents belonging principally to the left, or cardiac 
portion of the stomach, and that during digestion there 
is an imperfect division of the stomach into two ca- 
vities, by the contraction of the bands of musciilar 
fibres about its centre. He has also shown that tine 
Uquids very soon reach the kidneys, and pass off by 
urine ; and was led to believe that the spleen wai the 
channel of communication ; an opinion, however, whieh 
his subsequent researches tended to disprove.*^— Lecfton 
m Comparative Anatomy , p. 221. 

The chyme passes from the stomach into the smaD 
intestines, where it soon changes considerably in appear*^ 
ance ; it becomes blended with bile, and ia separated 
into two portions, one of which is white as milk, and 
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18 termed chyle ; the other passes on to the large in- 
testiiies, and is ultimately voided as excrementitioiis. 
The diyle is absorbed by the lactealg^ which terminate 
in the common tnmk, called the thoracic duct; it 
ii diere mixed with variable proportions of lymph, 
iiid poured into the venous systrai. 

- The excrem&nU of atdmals have been examined by 
Berzelius, (Gehlen's Journal^ vi.); by Vauquelnii 
(Annates de Chime, xxix.); and by Thaer and Einhofi. 
An abstract of these experiments has been published by 
Dr. Thomson, in the 4th volume of his l^stem of Che- 
mitty. 

S031. Chyle has been examiped by several che* 
mists, and their results are not widely different. During 
some physiological researches in which I assisted Mr. 
Brodie, I had an opportunity of collecting it in con- 
•iderable quantities in several carnivorous and gramini- 
tbrous animals, and presented an account of my ex- 
periments upon it to the Royal Society. — PhiL Trans.^ 
1812, p. 91. 

- Chyle is an opaque white fluid, having a sweetish 
saline taste; its specific gravity is inferior to that of 
Ifae blood. It exhibits sli^ traces of alcalme matter 
when tested by infusion of violets ; soon after removal 
from the thoracic duct, it gelatinizes spontaneously, 
and afterwards gradually separate into a firm yellow- 
ish white coagulum, and a transparent colourless serum; 
so that, like the blood, it enjoys the property of spon- 
taneous coagulation. 

Tlie coagtUum of chyle possesses properties closely 
fesembling those of the caseous portion of milk, and 
may hence be considered as a variety of albumen ; the 
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serum of the chyle, when heated, deposits a few flakes 
of albumen, and by evaporation to dryness affords a 
small proportion of a substance analogous to sugar of 
milk. Small portions of phosphate of lime, carbonate 
of soda, and common salt, may also be detected in 
the chyle. In these experiments I found no distioctive. 
difference in the chyle of graminivorous and carnivo* 
rous animals ; I examined it jfrom the horse, the ass, 
the dog, and the cat ; Dr. Marcet thinks that the for- 
mer is less abundant in albumen than the latter*.—* 
Thomson's Annals, Vol. vii. 

2032. There can be little doubt that the bile per- 
forms an important part in the change which the chyme 
suffers in the small intestines ; it has been conjectured 
that its aqueous, and perhaps its alcaline, parts, are em- 
ployed as components of chyle, while the albumino- 
resinous matter combines with the excrementitious per- 
tion, and tends to stimulate the intestinal canal towardi 
promoting its propulsion. Whether the bile is absolutely 
necessary to the formation of chyle, is a question that 
has not been satisfactorily answered ; but its import- 
ance is demonstrated by the emaciation that attends its 
deficiency, and by the disordered state of bo web that 
accompanies its imperfect secretion. Sir Everard 
Home, in his Lecture on the Functions of the Lower 

Intestines, (Lectures, p. 468.) has offered some curious 
f 

* It is a curious question, whence the nitrogen, which con- 
stitutes an abundant ultimate principle of the chyle of herhiro- 
rous animals, is derived ; we find it in very small proportion only 
in their ordinary food, and yet I could discern no difference in 
the composition of the albuminous portion of their chyle, and 
that of animals fed exclusively on meat. 
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facts connected with this subject, to which I refer the 
physiological reader. He is of opinion that, in die 
large intestines, a portion of the food unfit for chylifica- 
tion is, by a process not widely different from that above 
described, (1936) converted into fat, which is afterwards 
absorbed and conveyed to different parts of the body. 

2033. In chyle we cannot fail to observe a close 
approximation to blood : it is deficient only in colour- 
ing matter, and the albumen which it contains differs 
a little from that existing in the blood itself; it ap- 
pears, therefore, that the albumen is perfected, and 
the colouring matter formed, in the process of cir- 
culation ; the saccharine principle of the chyle is also 
no longer perceptible. 

2034. The difference between arterial and venous 
blood, has been adverted to in a previous section; 
the former is of a florid red colour, and circulates in 
the arterial system ; it is contained in the left ventricle 
of die heart, and thence carried by the aorta^ and its 
ramifications, to every part of the body, tending to 
re-production and secretion: it afterwards enters the 
▼eins which arise from the extremities of the arteries, 
and form accompanying branches and trunks ultimately 
oniting in the vena cava, which pour their contents 
into the right auricle of the heart ; the venous blood 
is. thence propelled into the right ventricle, from which 
the pulmonary artery arises, transmitting it through the 
longs, whence it is returned by the pulmonary vein into 
the left auricle, which transmits it to the left ventricle, 
from which issues the aorta as aforesaid. So that the 
light cavities of the heart receive venous blood, and 
transmit it through the lungs, whence it returns to the 
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left side of the heart, in the arterial state. In the Kings 
the blood is infinitely subdivided^ and spread over a 
very large surface in vessels so delicate as to admit of 
the operation of the aimospheric air contained id tfaeif 
cells ; it enters the pulnfiotiary structure in the wnmU 
state by the pulmonary artery, and returns m tiieartefid 
or aerated state, by ihe pulmaftary vein. It now remains 
to examine the changes which the blood undergoes 
during pulmonary circulation. 

2035. Respiration is the process of receiving t 
quantity of air into the lungs, whence, after having 
been retained a short time, it is again expelled in llie 
action of exspiration ; and, if now es^amined, a por- 
tion of its oxygen is found converted into carlM>niC 
acid, and it is more or less loaded with aqueous vJEtpour. 

Obvious circumstances render it very difficult io a^ 
certain the quantity of air taken into the lungs at eadi 
natural inspiration, as well as the number of respira" 
tions made in a given time ; the former is perhaps abort 
15 or 16 cubic inches, and the latter about 20 in a 
minute. 

It has been by some supposed that the air sufTers sa 
absolute diminution of bulk, but the experiments diat 
have been adduced to prove this, can, I think, scarcdy 
be regarded as satisfactory ; it seems, oh the contrary, 
most probable that the volume of air expired is exactly 
equal to that inspired, and consequently the only che- 
mical change that is evident is the saturation of a por- 
tion of its oxygen with carbon. The quatitity of car- 
bonic acid emitted at each exspiration, varies at different 
periods of the day, and probably also in different in- 
dividuals ; it appears at its maximum during digestion, 
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and at its minimam in the morOing, when the stomach 
if empty, and when no chyle is flowing into the blood. 
Dr. Prout has shown that fenneitted liquors and vegeta- 
ble diet diminish the proportion of carbonic acid, and 
that tfape same thing happens when the system is affected 
by mercury; (Thomson's SysUm, iv. 621.) 

The air e2q)ired may be regarded, I think, as con- 
taimfiig, on an average, 3.5 per cent, of carbonic acid, 
(bough Messrs. Allen and Pepjrs, in their valuable Essay 
bn Aespiratum, (PhS. Trans. ^ 1808.) have estimated 
il; at aI>out twice that quantity ; it amounted, in their 
expeiriments, to 27.5 cubic inches per minute, a quan- 
tity probably above the truth, when we reflect upon the 
eoibpairative proportion of carbon existing in our food, 
md ttie other means of escape which it has from the 
body. 

llie aqueous vapour contained in the expired air is 
iecreted by the exhalents distributed over the surface 
itf the air-vessels of the lungs ; attempts have been 
made to estimate its quantity, but without success ; it 
is probably liable to variation, and can scarcely b^ 
cansidered as a product of respiration. 

It has been above stated diat the whole of the venous 
blood is propelled through liie vessels of the lungs, 
where it is subjected io the action of the air ; the chyle is 
of course carried along with it, and when it returns by 
Hie pulmonary vein to the left side of the heart, it has 
undergone a considerable change in appearance, having 
loitt its dingy colour, and acquired a fine florid red ; the 
chyle also has become perfect blood. The change of 
colour is evidently owing to the action of the air, which 
takes place through the thin coats of the circulating 
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vessels, and the end thus attained is the removal of the 
carbon from the venous blood, by which the colouring 
matter was obscured; the carbon to be thus readily 
soluble in oxygen must be in some peculiar state; t 
portion of it is also removed by the absorbents, and 
transferred to the glands situate at the root of the lungi 
between the subdivisions of the bronchi®, which often 
contain a large portion of black matter. This hai 
sometimes been referred to soot inhaled with the air, 
but many circumstances render it more probable that it 
is a carbonaceous deposit from the blood. Tlie only 
chemical difference, then, which can be detected be- 
tween arterial and venous blood, is the existence of a 
certain excess of carbon in the latter, which it givci 
off to oxygen, forming carbonic acid ; the blood ii 
thus fitted for the renovation of parts, for the forma- 
tion of secretions, and for the sustenance of life by 
its action on the cerebral system ; for although the heart 
does not directly refuse to circulate venous blood, p^ 
ralysis and torpor ensue when blood, not aerated, 
passes into the vessels of the brain. 

2036. It has already been shown that the blood 
suffers very important changes in the kidneys and liver; 
the function of perspiration also must be considered ai 
connected with an alteration of the circulating fluid, 
for moisture, carbonic acid, and minute quantities of 
phosphoric acid, and saline matter, among which is 
.common salt, are evacuated by the cutaneous vessels. 
This quantity of humidity is sometimes very considera- 
able, especially during violent exercise in warm weather, 
and it contributes materially to diminish the temperature 
of the body ; a portion of water, however, is at all 
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timet passing off by the skin, as may be seen by putting 
the hand into a dry and cold glass, which soon becomes 
dimmed by the condensation of vapour. 

2037. Different animals require very different 
-quantities of oxygen for the purposes of respiration. 

Man, and warm-blooded animals, consume the largest 
-quantity ; the amphibious tribes not only require less, 
but can breathe in an atmosphere which will not support 
the life of the former; and many insects take such 
small quantity, as sometimes to have been supposed ca- 
pable of living without air, which is not the case. In 
ttie production of carbonic acid all animals agree, and 
coDseqnently the nature of the deterioration suffered by 
the air is similar throughout the animal creation. 

Fidies breathe the air which is dissolved in water ; 
they therefore soon deprive it of its oxygen, the place 
of which is supplied by carbonic acid ; this is in many 
instances decomposed by aquatic vegetables, which re- 
store oxygen, and absorb the carbon (1520) ; hence the 
advantage of cultivating growing vegetables in artificial 
fish-ponds. It has been ascertained by Biot, and verified 
by others, that the air-bladders of fish that live in very 
deep water are filled with a mixture of oxygen and 
iiHrogen, in which the former greatly preponderates; 
liat in fish that are taken near the surface, the nitrogen 
is most abundant. In the trygla lyra, always caught 
in very deep water, the air-bladder contained 87 
per cent, of oxygen: in the carp and roach, ac- 
cording to Fourcroy and Priestley, the air-bladder 
contains little else than nitrogen. — ^Biot, MemoireB 

, 1. & 11. 

2038. The production of animal heat is perhaps 

VOL. iiL a 
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the most recondite of all the functions ; the power i^»- 
pears to belong to all animals, though to some in a very 
inferior degree. The higher orders of animals alwajfs 
maintain a temperature of about 100° ; it varies a little 
in different parts of tlie body, the extremities and sur- 
face being a degree or two colder than the interior 
vital organs. This temperature is probably very little 
affected by external circumstances, a hot or cold at- 
mosphere producing no corresponding change in the 
heat of the circulating blood. 

When the chemical changes that take place during 
respiration had been inquired into, and when it wai 
found that the capacity of carbonic acid for heat wii 
less than that of oxygen, it was supposed that the oon- 
version of oxygen into carbonic acid was the cauae of 
the rise of temperature : and as the heat of tiie hmp 
does not exceed that of other parts, it was asserted 
that the air was absorbed by the blood, and (hat tiie 
production of carbonic acid, and consequent evolution 
of heat, took place gradually during the circulation. 
To these opinions many strong objections have firom 
time to time been urged by different physiologists, bat 
their complete subversion followed the researches of 
Mr. Brodie, {Phil. Trans., 181S.) who found that the 
heart was capable of retaining its functions for sesie 
hours, and of carrying on circulation in a decapitated 
animal, and consequently independent of the influenee 
of the brain, when respiration was artificially carried 
on. Under these circumstances it was observed, that, 
althougli the change of blood from the venous to the 
arterial state was perfect, no heat was generated, and 
that the animal cooled regularly and gradually down to 
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the atmospheric standard. In more than one instance 
I examined, at his request, the expired air, and found 
tiliat it contained as much carbonic acid as was pro- 
duced by the healthy animal ; so ttiat here, circulatioti 
went on, there was the change of oxygen into carbonic 
acid, and the alteration of colour in the blood, and yet 
no heat whatever appeared to be generated. 

In these cases a period was also put to tlie secretory 
functions ; and it has been observed by other physiolo- 
gists, that if the nerves that supply any of the glands 
are injured or divided, there is a corresponding change 
or aospension of their secretion. Electricity has some- 
times been supposed to have some connexion with the 
nervous influence, and the fact of some of the secretions 
being alcaline, while others are acid (corresponding to 
n^rative and positive influence), has been adduced in 
Ittvour of the supposition* ; but experiment has gone little 
way to sanction such a notion, and although it has been 
proved that the nervous influence contributes to the 
generation pf heat in animals, that it presides over the 
pluenomena of secretion, as well as of voluntary motion, 
Ifae actual cause of this influence, or energy, remains 
among those mysteries of nature which, doubtless, for 
Ifae wisest purposes, are hidden to the human under- 
standing. 

* In the PkUosophical Transactions for 1809, p. 385, Sir Everard 
Home has given an account of these views, in a paper entitled 
HimiM en the Subject of Animal Secretions. 
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CHAPTER X. 



2039. Having detailed tlie properties of the ele- 
Klnentary bodies, and of their natural and artificial coni- 
I 'fainations, and having described the products of the 
r .vegetable and animal creation, it remains in this, the 
I concluding chapter, to notice the general arrangements 
llof the mineral world, to describe the mutual relations 
I of the substances constituting the surface of our globe, 
and to examine their characters and composition : these 
investigations form the object of geological science. 
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Section I. General Remarks an the Olgects af Geo- 
logical Science — Sketch of the Theories of Bumd, 
Woodward^ hdbmtz, Winston^ WhUehurst, and B^- 
fon^-^W^timerian oitlt Estonian Theories. 

8D4ii). Gboloot embraces m ttiaiiy to^n of do- 
eairioD, its range ik so esctensive, and tiie in<Hitii|y 
giVeh to liie term are so variouB and opporite^ as to 
throw no iticonsiderable difficulties ib Iub rriif tiribo 
would enumerate and ei^dnd them. Persoiii fakre 
been called geologists, who, gifted with prolific imigi- 
tUttions, have indulged in fanciful speculation conceroiiig 
a former order of things, and have reared hypofliem 
respecting the origin of our planet, upon foundalioDi 
so flimsy and unsubstantial, as to deserve no other i^ 
pellation than flighty excursions of a poetic mind. 
Others, by careful, diligent, and extended observatiou 
of the present state of the earth's surface, have en- 
deavoured, in the path of iilduction, to trace the uabue 
of the agents which have once been active, to ascertain 
how far they are now operating, and to anticipate the 
results of their continuance. If they frame theorieii 
they do so upon the results of actual research ; if thejr 
indulge in speculation, they assign to it its propet place. 
These are really geologists, and their aim is, not to 
imagine or suppose, but to discover the nature of iD 
changes of the eartii's surface and interior, and thenoe 
to arrive at the laws that regulate them. 

Geology, as a branch of inductive science, is of veiy 
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modem date ; for tliough the attention of men has long 
been turned to a theory of the earth, the formation of 
such a theory is incorapatibie with any but an advanced 
state of physical knowledge. There appear, indeed, few 
studies of more difficulty; none in which the subject is 
more complex ; appearances so diversified and srat- 
tered ; and where the causes that have operated are so 
remote from the sphere of ordinary observation. 

2011, The first writer upon this subject, whose 
name merits notice, is Thomas Burnet*, who may 
justly be said to have adorned the latter half of the 
seventeenth century. And though it be true that his 
pen has rather recorded the sallies of a vivid imagina- 
tion, tlian the inferences of sober argument, he will 
stilt be read with some profit, Uiough certainly with 
more pleasure, even in these times. The objection to 
Burnet and his contemporaries, and immediate suc- 
cessors, is, that tbey fancifully go back to the chaotic 
state of the earth, and after enlarging, embellishing, 
and obscuring the Mosaic history, they pretend to hare 
illustrated and proved it. Accordingly, Burnet, in his 
Sacred Theory of the Earth, begins with the separation 
of elements from a fluid mass. The heaviest particles 
sank, and formed a nucleus, and water and air took their 
respective stations : upon the water, however, the air 
afterwards deposited a rich unctuous crust, which begat 
;etation, and a beautiful verdure clothed the whole. 
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The Sacred Theory of the Earlh, containing an Account of the 

Original of the Earth, and of all the General Changes which it 

hath already undergone, or is to undergo, till the Cmsummation of 

.alt Things. (8vo., London, 1726.) Publislied originally in Latin 

1681 and 1689. 
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There were no mountaina, no scas> no protuberances, or: 
inequalities; and the equator being coincident with Uie 
plane of the ecliptic, all the charms of spring were per- 
petual. This state of things, however, did not tin 
continue for many centuries ; for the sun caused luge 
cracks and fissures in the exterior, which, by gradaal 
increase, extended to the great aqueous abyss;- tbe 
waters rose higher and higher, the surface was utterly, 
broken up and destroyed, and an universal deluge took 
place: at length dry land began again to appear, owing 
to a gradual subsidence of the waters, which retired 
into caverns and crevices originally existing in the m- 
cleus, or formed by the disruption of the crust ; upon the 
increasing dry land, vegetation began again to ent, 
and our present islands and continents were formed, 
while the sea still occupies in part its original bed. 

I do not recite the minutiee of Burnet's romance, nor 
shall I meddle with the adjustments of these and the 
like speculations to the records of Holy Writ. If, in 
the laborious path of experimental investigation, we 
are occasionally rewarded with the discovery of some 
new adaptations of causes and effects, which had before - 
escaped notice, but which demonstrate bow all thingi 
on earth are made to work together for good, the dis- 
covery strengthens our faith, and calls forth the hdt 
feelings of which the human heart is susceptible; bot^ 
we must not presume to submit the aptitude of natiire> 
arrangements to the feeble powers of human decisioDi 
to doubt her perfection because our imbecile capacities 
cahnot attain its comprehension, or to found our prooft 
of the existence, or even of the attributes, of the Deitji 
upon the limited, imperfect, or ideal conception of (^ 
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excellence of nature's works, of which the human uii- 
derstanding is capable. 

Alflibugh Burnet's Theory, as he calls it, was a 
mere hypothetical product of the imagination, unsup- 
ported by 4i single fact, or by the slightest observed 
phssnomenon, it excited much admiration and some 
discussion, and was criticised with much acrimony 
and some ability*; more especially by Keill, of Ox*' 
fordf/ His style is in general terse and elegant, 
Ibough it occasionally degenerates into the predominant 
pomposity of the period at which he wrote. He was 
die translator of his own work from Latin into EngUsh. 
Two brief samples from the latter will be sufficient for 
elucidation. After observing that the obscurity and 
remuoteness of his subject has by some been used as an 
argument against undertaking it,. '' This," says he, 
'* does but add to the pleasure of the contest where 
there are hopes of victory, and success more than re- 
compenses all the pains. No joy is more grateful to 
man than the discovery of truth, especially where it is 
hard to come by. Every man has a delight suited to 
bis genius, and as there is pleasure in the right exercise 
of any faculty, so especially in that of right reasoning, 

* By Dr. Herbert Crofle, in 1685: by Dr. Beaumont, in 1693, 
and by Erasmus Warren. 

f An Examination of Dr, Bumefs Theory ^ &c., by J. Keill, 
A.M., of Baliol Coll., Oxon. Second Edition, 1734, 8vo. " He 
(Burnet) begins his discourse with a saying of an old heathen, 
that philosophy is the greatest gift that ever God bestowed on 
man; but it is plain to any who will be at the pains to read 
his book, that God has thought fit to bestow but very little of that 
great gift upon him, and, that the world may not say this is ill- 
nature, I will give them a taste of his (jhilosophy,'* Sfc. 

This is the general style of the Examination. 
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which is still tfie greater by how much the consequences 
are more clear, and the clmins of Uicm more long. 
There is no chase so pleasant, methinks, as to drive a 
tliought from one end of the world to the other, and 
never to lose sight of it till it falls into eternity, where 
all things are lost, as to our knowledge." 

The following passage from Burnet's work has been 
highly eulogized hy Steele*, and certainly it merits 
praise ; it is a funeral oration over the glohe : " Let 
us now," says he, " reflect on tlie transient glory of 
the earth ; how, by tlie force of one element breaking 
loose on the rest, ail the beauties of nature, each 
work of art, and every labour of man, are reduced 
to nothing; all that once seemed admirable, is now 
obhtcrated : . all tliat was great imd magnificent, has 
vanished; and another form and face of things, plain, 
simple, and uniform, overspreads the earth. Where 
are now the empires of the world ? wliere the imperial 
cities, the pillars, trophies, and monuments of glory? 
what remains, what impressions or distinctions do you 
now behold? what is become of Rome, the great city; 
of eternal Rome, the empress of the world, wliOM 
foundations were so deep, whose palaces were so Bump- 
tuous? — her hour is come; she is wiped from the face 
of the earth, and buried in everlasting oblivion. But 

• Spectator, No. 146. 

Attached to the English edition of Burnet's work, kbore referred 
to, is an " Ode lo the Author, by Mr. Addison," iu the ordbiry 
fulsome style of that ptriod. The following stanza is a 
Jaroque alta Cceli moenia corruuat, 
Et restra tandem pagina, (proh nefas I) 
Bumette, vestra augebit ignes, 
Heu ! socio peritura Mundo. 
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not the oities oidy, and the works of men's hands, but 
die hills and mountains, and rocks of the eartbi are 
melted as wax before the sun, and their plaee is no 
where found; all have vanished and dropped away, 
like the snow that otice rested upon their summits*." 
^.-^It is impossible to read this quotation, without being 
reminded of one of the most beautiful passages in the 
AH ttf Preserving Healthy where Armstrong has hap- 
pily ijitroduced very similar ideas : 

What does not fade ? the tower that long had stood 
The crash of thunder and the warring winds, 
Shook by the slow, but sure destroyer, Time, 
Now hangs in doubtful ruins o'er its base ; 
And flinty pyramids, and walls of brass. 
Descend ; the Babylonian spires are sunk ; 
Achaia, Rome, and Egypt moulder down ; 
Time shakes the stable tyranny of thrones, 
And tottering empires rush by their own weight ; 
This huge rotundity we tread grows old, 
And all those worlds that roll around the sun. 
The sun himself shall die, and ancient night 
-Again involve 'Ae desolate abyss f. 

I might select matiy more beauties from the Sacred 
Theory of the Earth. The passages I have quoted, 
however, show the general strain of the author, and it 
would be irrelevant amusement to pursue them. 

QOiQ. A very diflferent reasoner from Burnet was 
Woodward ; he was notliing of a poet, and not much 
oi a philosopher ; he pretends to be a matter-of-fact 
man ; but having collected a few observatiotis respect- 
ing the contents of strata, hastily proceeded to the 
erection of a theory; ** to build a ship," as Lord 



* Burnet's Theory, Vol. ii., p. 25. t ^rt of 

Preserving Healthy B. ii. 
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Bacon says, '' with materials insufficient for the rowing 
pins of a boat/' Woodward observed the existence 
of fossil shells, and remarked that the lower strata of 
the earth's surface were generally harder than the upper, 
which were of more light and pulverul^ot materials: 
whence he concluded, that, at the period of the dduge, 
the earth had acquired a new crust deposited upon it. 
by the waters, in the succession of the specific grayitj 
of the materials ; the heaviest, coarsest, and hardest 
bodies forming what to us seem a nucleus, covered by 
finer and lighter deposits*. 

204«3. About this time Leibnitz published his Pro- 
togma'\ ; he supposes the earth to have been in a state 
of combustion for many ages, and at length to have gone 
out for want of fuel. A glassy crust was tiius formed, 
which gave rise to sand and gravel; other kinds of 
earth resulted from sand and salt; and as the globe 
cooled, the water which had before been kept in the 
state of steam, assumed fluidity, and, falling to the 
earth, produced the ocean. The particulars of these 
notions are, of course, not worth reciting. 

* Woodward applied the geological observations he had made 
in England to other countries. '' I was abundantly assured that 
the circumstances of these things in remoter countries were much 
the same with those of ours here ; that the stone and other terres- 
trial matter in France, Flanders, Holland, Spain, Italy, Germany, 
Denmark, Norway, and Sweden, was distinguished into layers, 
as it is in England, Sfc. Sfc. To be short, I got intelligence that 
these things were the same in Africa, Arabia, Persia, and other 
Asiatic provinces; in America,^ ifc. See An Essay towards a 
Natural History of the Earth and Terrestrial Bodies^ by John 
Woodward, M.D., ^c. London, 1702. 

t Leibnitzii Opera Omnia, Genevae, 1768. Vol. ii. p. 199. 
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2044. Whiston* having blended the follies ot 
Burnet, Woodward^ and Leibnitz, endeavours to con- 
ceal his imbecility under the lion's skin of mathematical 
calculation ; and taking many things for granted, of 
which there is not the most distant probability, leaves 
OS bewildered and perplexed; he is neither plausible 
nor amusing, and is lest known as having called forth 
tilie libellous witticism of Swift. 

2015. But there was a contemporary of Whiston, 
whose works deserve more attention ; John Whitdiurstf > 
a native of Congleton, in Cheshire ; he passed much of 
his time in Derbyshire, and investigated, with consider- 
aUe ability, the stratification of that rich and interesting 
county; " hoping,** as he eiqpresses it, ^' to obtain sudi 
knowledge of subterraneous geography, as might be sub- 
wrvient to the purposes of life, by exposing new trea- 
amres which are concealed in the lower regions |.** In 
bis inquiry into the original state and formation of the 

* New Theory qf the Earth, Sic. By William Whiston, M.A. 
4th Edition, London, 1725. 

. t The Worht of John Whitehurst, F.R.S., London, 1729. ** It 
is my intention (says Whitehnrst, in his Prefctce to the Inqtdry into 
'Ae Original State and Formation of the Earth,) to trace appear- 
.aiioet in natare firom causes tmly existent ; and to inquire after 
those laws by which the Creator chose to form the world, not those 
by which he might have formed it, had he so pleased." 

( Whitehnrst particularly notices the similarity of successicm in 
die. strata of England ; and in his description of Derbyshire, he 
mentions the resemblance of the toadstone to lava, and infers, from 
its appearance, situation, and effects, that it must have issued from 
below in an ignited state ; that it must have been projected with 
great violence amidst the superincumbent strata, and that their 
displacements and irregularities are the consequence. 
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earth he has assidueusly collected ftote» among iviiich his 
aoeount of the strata of Derbyshire retains much vabe 
at the present day, though repeated inyestigBtiaDB have 
since been made with all the adnoitagas of modem im- 
provements. And as to>his theoretical views^ I thnk it 
is scarcely going too far to say, that they ate rthe belt 
extant : for, unlike latter geologists, be first ooUeotod 
facts and then constructed his tbeories ; and ^thoie 
who are unbiassed by speculative doctciiie, and really 
•think for themselves, will consequently accede to 'by fiv 
'tiie greater number of his leading propoeitions. 

20i6. But no one has proceedad.to 4he fofnaig of 
.a theory of the earth with tbe pompand circtunstanca of 
iBuffon *• It merits atteptioD, not .on recount of ill 
-aacordance with present appearaneat^ ar as aflbidiq; 
plausible solutions of observed plwDomena, bi]^ firoasHto 
eloquence with wluch it is adorned, the dxtent ef Mir- 
matioQ it displays, and the pi^ulariiy it derrMl Jran 
these sources. 

He supposes the planets in general to have been struck 
off from the sun by a comet ; that they consisted of fluid 
matter, and thence assumed a spherical form ; ^nri tj^ 
by the union of centrifugal and centripetal fofces, thqr 
Are restrained in their present orbits. The eartii. gradih 
aHy cooled, and the circumambient vapours condensed 
upon its surface, while sulphureous, saline, and. otbar 
matters, penetrated its cracks and fissures,^nd foroMid 
veins of metallic and mineral products. The.scorifiedL 
or pumice-like surfm^e of the earth, sifted lipon by wattf • 



* HUtoire et Theorie de la Terre et des . Epoquts de ia Naiaa^ 
4 Vol. 8vo. Paris, IgOO. 
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produced clay , mud, and loose soils; and the atmosphere 
was constituted of subtile effluvia, floating above all the 
more ponderous materials. Then the sun, and winds, and 
tides, and the earth's motion, and other causes, became 
effective in producing. new changes. The waters were 
nnich elevated in the equatorial regions, and mud, gra- 
vel, and fragments were transported thither from t&e 
poles; hence, says Buffon, the highest mountains lie 
between the tropics, the lowest towards the poles ; and 
hence the infinity of islands which stud the tropical seas. 
The ^be's surface, once even and regular, became now 
rough and irregular ; excavations were formed in one 
part, and land was elevated in another ; and during a 
period of ages, the fragmeuto of the original materials, 
the diells of various fidi, and different other ^uviae, 
were ground up by the oceaUt and produced calca- 
reous strata, and other low-land depositions. These 
rdics of marine animals we find at such heights above 
the present level of the sea, as to render it more than 
probable that the ocean once entirely overwhelmed the 
earth. 

Of the ph»nomena I have hinted at, Buffon takes parti- 
ddar and extended notice, and draws from them a. series 
tef curious and minute conclusions ; not, however, satis- 
lisctory or logical, inasmuch as many of the data they are 
founded upon are imaginary, not real. Every one who 
DOW cOntemphites the earth's surface, must trace upon it 
marks of the most dire and unsparing revolutions, which, 
from the present order of things, it appears impossible 
should re-occur, except by the united and continuotts 
agency of the most active powers of destruction. This, 
says Buffon, arose from the soft state of the former crust 
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of the earth; and those causes, now imbecile and dow 
in their operation, were then more effectually exerted, 
and results were obtained in a few years, for which 
centuries would now be insuflicient. 

This amusing theorist next proceeds to contemplate 
the production of rivers, which he regards as having cut 
their own way to the ocean, as gradually wearing down 
the mountainous lands, jfilling up valleys, and chokiqg 
their exits into the ocean by the transportation of finely- 
divided materials. Thus every thing is slowly retarning 
to its former state ; the mountains will be levelledf the 
valleys heightened, excavations filled up,. and the ocen 
will again cover the earth, 

I shall not enter into the various confutations of tbete 
speculative notions, nor dwell upon many modem the- 
ories to which they have given rise. Pallas, KirwiD, 
• 

De Luc, and others, have animadverted upon, butcin 
scarcely be said to have improved, Buffon s hypothesis ; 
and as we set out with granting it to be the mere fabric 
of imagination, it. would be folly to submit it to the so- 
lemnity of philosophic criticism. 

204i7. Many other theories of the earth I pass over 
in silence, as containing nothing not to be met with in 
some of the already, mentioned cosmogonists. Tlie an- 
thers have sometimes, clothed their fictions in new 
dresses, or presented them under new forms ; but, if 
we remove the mask, Burnet or Buffon are instantly 
recognised. Thus, in pretending to advance leamingt 
they have rather obstructed it, and have accumulated 
hypotheses without enriching science. They deserve 
that censure thrown upon certain writers by Dr. 
Johnson, who calls them the '' persecutors of students, 
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and the thieves of time." Such at least I have found 
them. 

There are other geological writers who have accumu- 
Ittted many interesting facts, and whose insulated obser- 
vations are truly curious and valuable ; but their general 
■hypotheses are of so chimerical a cast, as rather to re- 
semble Eastern allegories than European philosophy ; 
they defy all criticism, and therefore lie out of our pre- 
sent track, which now leads us to review the prevailing 
theories of the present day. These are the inventions 
of Professor Werner, of Prey burgh *, and Dr. Hutton, 
of Edinburgh f , each of whom has been ably supported 
and elucidated by the proofs, illustrations, and compa- 
rative views of acute and eloquent controversialists ;{;, 
and two sects have been formed, under the appellation 
of Wemerians and Huttonians. The disputes and dif- 
ferences of these contending geologists would now be 
prematurely noticed. They each profess to proceed, as 
rigidly as the subject allows, in the path of induction ; 
to reject mere bypotliesis, and raise their theories upon 
accumulated facts ; and yet they arrive at conclusions 
diametrically opposite ; upon which a clever writer 
remarks, ** that among all the wonders geology presents 
to our view, the confidence of the theorists is by far the 
most unaccountable." 

^ A Cknaparativc View of the Huttonian cmd NeptuTuan System* 
of Geology. Edinburgh , 1 802. 

t Theory of the Earth. By James Hutton, M.D., F.R.S., Edin- 
bnrgh, 1795. 2 Vols. 8vo. 

X Ittustrations of the Huttonian Theory of the Earth. By Joba 
Playfair, F.R.S.,4t., Edinburgh, 1802. 

VOL. III. R 
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20i8. The first principle of ttie Wemerian theory 
assumes, that our globe was once covered, with a mrC 
of chaotic compost, holding either in solution or suspen- 
sion the various rocks and strata which now present 
themselves as its exterior crust. From some unei- 
plained cause, this fluid beg;an first to deposit those 
bodies which it held in chemical solution, and thns t 
variety of crystallized, or primitive rocks, were formed. 
In these we find no vegetable or animal remains, nor 
even any rounded pebbles ; but in the strata which He 
upon the crystalline, or first deposits, shells and frag- 
ments occasionally occur : these, therefore, have been 
termed transition strata ; and it is imagined that the 
peopling of the ocean commenced about this period. 
The waters upon the earth began now more rapidy 
to subside, and finely divided particles, resulting from 
disintegration of the first formations, were its prineipat 
contents; these were deposited updn the titmsHioa 
rocks chiefly in horizontal layers. They' abound in 
organic remains, and are termed by Werner floetz, or 
secondary rocks. 

It is now conceived that the exposure of theprmt^, 
transition, and secondary rocks to the agencies of wmd 
and weather, and to the turbulent state of the remaining 
ocean, produced inequalities of surface, and that the 
water retreated into lowlands and valleys, where a fiir- 
ther deposition took place, constituting clay, gravel, and 
other alluvial formations. 

There are also certain substances which, instead of 
being found in regularly alternating layers over the earth, 
are met with in very limited and occasional patches. 
Rock-salt, coal, basalt, and some other bodies are of 



hutton's theory. 24d 

this diaracter, and Werner has called them subordinate 
fonnadons. 

Lastly, subterraneous fires have sometimes given 
birth to peculiar and very limited products ; and these 
are called volcanic rocks. 

Such is Werner's account of the production of rocks, 
which he arranges under the terms primitive^ trafisition, 
secondary, alluvial, subordinate, and volcanic formations. 
A number of nice distinctions and accurate minutias 
of description attend this theory, which we cannot notice 
m this bird's-eye view, and which do not affect the ge- 
neral conclusions. 

If we examine the stratification of our globe, we shall 
doubtless find that certain substances do occur in a cer- 
tain order of arrangement, and that they appear to have 
been successively deposited, one upon the other, in the 
manner Werner and his disciples would have us be- 
lieve ; but when we more minutely examine the struc- 
ture of the earth's surface, and the relations of its 
different strata, so many incongruities are discovered, 
and so much is at variance with their leading doc- 
trines, that we are obliged to give them up in favour 
of views more generally applicable. 

204*9. Dr. Hutton gives a very different account of 
the present order of things. Looking upon the face of 
nature, he observes every thing in a state of decay ; and as 
she has obviously provided for the regeneration of animal 
and vegetable tribes, so the philosophic mind will descry, 
in this apparent destruction of the earth's surface, the real 
source of its renovation. The lofty mountains exposed to 
the action of the varying temperature of the atmosphere, 
and the waters of the clouds, are by slow degrees suffering 
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constant diminution; their fragments are dislodged! 
/nasses are rolled into the valley, or carried by the 
rushing torrents into rivers, and thence transported to 
the sea. The lower and softer rocks are undergoing 
similar, but more rapid, destruction. The result of aH 
this must be, the accumulation of much new matter in 
the ocean, which will be deposited in horizontal layen. 
Looking at the transition rocks of Werner, he perceivei 
that, though not strictly crystalline, they appear made 
up of finely-divided matter, more or less indurated, 
and sometimes very hard in texture, and of a vitreooi 
fracture ; and that this hardening is most perceptible 
when in contact with the inferior rock, which often 
pervades them in veins, or appears to have brokai 
up or luxated the superincumbent masses. According, 
then, to Dr. Hutton, the transition or secondary roch 
of Werner were deposited at the bottom of the ocean 
in consequence of operations similar to those which 
are now active, and the primary rocks were formed 
beneath them by the action of subterraneous fires ; their 
crystalline texture, their hardness, their shape, and 
fracture, and the alterations they have produced ' upon 
their neighbours, are the proofs of the correctness of 
these views. It is by the action of subterraneous fire, 
then, that rocks have been elevated, that strata have 
been hardened, and that those changes have resulted 
which an examination of the earth s surface unfolds. 
The production of soils, and of alluvial land, is consi- 
dered as depending upon the same causes as those referred 
to in the other theory. 

It will be observed that Hutton refers to fine as well 
as water for the production of our present rocks ; the 
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former comolidating, hardening and elevating, the lat- 
ter collecting and depositing the strata. This system 

• 

•has been happily illustrated by many of the phenomena 
that occur among the mountains of Scotland, ^the birth- 
place of its inventor, and the seat of his speculations ; 
it has been elucidated by the eloquent and philosophic 
•pen of Mr. Playfair ; and has received other advantages 
and aids, . which theAVemerian theory has not enjoyed. 
But these circumstances must not be suffered to bias an 
impartial story ; it is to facts we must attend, and upon 
them found our verdict. 

Much as has been said upon the mischief of geological 
theories, which by some are represented as ingenious, 
though dangerous, fictions, no one can justly deny their 
importance and utility, as furnishing strong incitements 
to the labour of observation and experiment. He that 
has framed a theory is fond of searching for confirma- 
tions, and he proceeds with a real enthusiasm widely 
distinct from the cold accuracy of the mere accumulator 
of insulated facts. In all physical inquiries, theory and 
observation should go together, like mind and body, 
the one guiding and directing the other. It is quite 
true that the impartiality of an observer may often be 
affected by system ; but upon this it has been justly 
remarked by Mr. Playfair, that it is a misfortune, against 
which the want of theory is no security. The partia- 
lities in favour of opinions are not more dangerous than 
the prejudices against them ; for such is the spirit of 
system, and so naturally do all men's notions tend to 
reduce themselves into some regular form, that the very 
belief that there can be no theory, becomes a theory 
itself, and may have no inconsidera^ble sway over the 
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mind of an observer. Besides, one man may have as 
much delight in pulling down, as another in building up, 
and may choose to display his dexterity in the one oc- 
cupation as well as in the other. The want of theoiy, 
then, does not secure the candour of an observer, and 
may greatly diminish his skill. The discipline best eat 
culated to promote both is a thorough knowledge of 
the methods of inductive investigation, an acquaintaoee 
with the history of physical discovery, and the study of 
those sciences in which the rules of philosophiziiig bait 
been most successfully applied. 




Section II. 0/ the Succession of Strata incntsling tfie 
Globe, and of the Slrattfication of Britain in particular. 
— Of Granite, and other primary Rocks. 

2050. The terms primitive and secondary rocks, 
employed in the description of Werner's tlieory, were 
introduced into geology by Lehman*, a correct and 

■ Trailh de PKi/sique. d'Haloire Naturelte, de MincTaiogie, et de 
Mctailurgie. Par J. G. Lehman: tradnits dc rAUemand. Paris, 
1 759. " Lea raantagnea sont des Elevations de la terre dc difie- 
rentes hauteurs, dont quelqiies-unes sont coinpoaees de parlies 
dares. Bolides, et picrrcuses ; d'autres sont composees seulement 
. de ptttties terreuses ; ijueliiucs-uDes out file crces en mfnie terns 
que la terre, d'autres ont Lie formues jiar des accidens. ou par des 
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sensible writer of the middle of the last century. He 
considered the crust of the earth as presenting three dis- 
tinct series of substances. The first, coeval with the 
world, he calls primitive, or primary, rocks. The se- 
cond series are of more recent formation, and seem to 
have resulted from some great catastrophe, probably the 
deluge, tearing up, and modifying the former order of 
things ; and the third class owe their formation to par- 
tial or local revolutions^ as indicated by their structure 
and situation. 

2051. In taking a general view of the substaDCes 
which incrust our globe, for of its nucleus we know no- 
thing, we perceive certain distinctions of te&ture and 
disposition, which are at once curious and important 
The rocks which I have elsewhere called primitive, or 
primary, are generally found in huge masses or blocks, 

^v^nemens qui ont eu lieu, en differens terns." — ^Vol. iii. Sect 3. 
'^ 11 n*y a rien do plus naturel que de partager toutcs les montagnes 
en trois classes. La premiere classe sera celle de montagnes qui 
ont 6tc fornixes avec 73 monde. La seconde sera celle des mon- 
tagnes qui ont et6 formecs par unu revolution gen^rale qui- s^est fait 
sentir k tout le globe. La troisi^me classe, enfin, sera celle de 
montagnes qui doivent leur formation k des accidens particuliers^ 
ou k des revolutions locales." ** Les montagnes de la premito 
classe sont elevees^ dont quelques-unes se trouvent Isoldes daos 
des plaines ; mais qui, le plus ordinairement, suivent une longae 
chaine et traversent des parties consid6rables de la terre. Elles 
different des montagnes de la seconde classe: L Par leur eleva- 
tion et par leur grandeur, qui surpassent celles de toutes les autres. 
2. Par leur structure interieure. 3. Par les substances min£rales 
quis'y trouvent." — Ibid. 

These passages are sufficient to show the merits of Lehman as 
an original and acute observer, and have furnished subsequent geo- 
logists with the foundations of their arrangements. 



CHARACTERS OF R0CK9. 2^9 

not regularly stratified *, and afiecting in their fractures 
and fissures, a vertical arrangement. Sometimes they 
are of a perfectly homogeneous taature, commonly hard 
and durable, and sometimes composed of two or three 
ingredients blended together ; they are generally crys« 
talline in their texture, and usually constitute flie loftiest 
mountains. The transition series of rocks of the Wer- 
nerian school, or those which they hypothetically deem 
next in point of antiquity to the primitive, are less lofty 
dian the former ; they, in many instances, present a slaty 
texture ; they seem to have been deposited in strata or 
layers, and these are seldom either vertical or horizontal^ 
but variously inclined to the horizon. The secondary 
rocks, or the more recent series, are nearly, if not quite^ 
horizontal in their position. In their texture they are 
soft, and consequently easy of decay, and they appear 
rather as mechanical deposits, than as chemical com- 
pounds which have resulted from fusion, crystallization, 
or solution. The wood-cut at the head of tliis Chapter 
-may serve to give some idea of the relative heights and 
tupects of these three series of rocks. 

These different series are tolerably regularly arranged 
in r^ard to each other. The primary rocks form the 
bases upon which the others rest; the transition are 
immediately recumbent upon these ; and these are suc- 
ceeded by the varieties of secondary rocks, and by 
their detritus constituting alluvial matter and soils. 

2052. In selecting illustrations from nature of the 
different geological phsenomena that come before us, I 

* To this distinctive character there are,*however, numerous ex- 
ceptions ; gneiss, mica, slate, quartz, rock, and clay slate, exhibit- 
ing a distinctly stratified arrangement. 
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shall in all cases prefer reference to our own country ; 
and I presume that it would, on the whole, be. difficult 
to select a better sp0t for the study of geology than 
Great Britain. We have every variety of rock pre- 
sented under.jts various aspects ; and, though in foreign 
climes nature '-may have more liberally dispersed the 
sublime, she has no where more instructively or deli- 
cately diversified the earths surface than in the small 
space allotted to the British isles. 

A section of the south of England, from the coast of 
Cornwall, for instance, in the west, to London in the 
east, will furnish a good exhibition of the phenomena 
of stratification to which I have just alluded. It will 
begin at the Land's-End, with primitive rocks, massive 
and amorphous. Upon this rest several species of tran- 
sition rocks, especially slates of different kinds, haviqg 
various inclinations ; and these are succeeded by se- 
condary strata, deviating more and more from the verti- 
cal, and acquiring the horizontal position ; and ultimately 
we attain the alluvial matter upon which the metropolis 
stands. It is principally clay, and has once perhaps 
formed the mud at the bottom of a salt-water lake*. 

Proceeding from London northwards, towards the 
Scotch border, the order of stratification is reversed; 
and traversing a highly interesting series of secondary 
rocks, we arrive in Cumberland at some of the primitive 
series. Tiie whole arrangement is such as to include the 



* Mr. Greenough's valuable Geological Map of England and 
Wales, and Mr. Smith's Geological County Maps, will be found very 
useful to the student ; to whom I also recommend Mr. W. Phillips' 
Selection of Facts, &c., as an excellent abridgment of the import- 
ant materials contained in the Geological Transactions. 
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highest and oldest rocks upon the west side of England, 
fonning an interrapted chain extending from the Land's- 
End, in Cornwall, to Cumberlaq|||p and thence to the 
northern extremity of Scotland. So that the length of 
Great Britain, and its general shape, appciK.in a con- 
siderable degree dependant upon this chaiiilgniiountain- 
ous land, and upon two lower ridges, which extend in 
one direction from Devonshire, through Dorsetshire, 
Hampshire, and Sussex, into Kent; and in another, 
nearly from the same point, to the east of Yorkshire. 

The western ridge is broken in upon in several places 
by plains and rivers, giving rise to so many chasms in 
the great chain. 

In the Descriptive Catalogue of the Geological 
Specimens in the Royal Institution *, an attempt has 
been made to follow the natural succession of strata in 
Britain, and to show their successive alternations ; and 
I trust that it will prove serviceable in connecting the 
following observations with their respective illustrative 
districts of our island. 

2053. Of the primitive rocks f , one of the most 
abundant in nature, and the most useful in its applica- 
tions, is Granite, so called from its appearing to be 
made up of a number of distinct grains or particles. Its 
essential component parts are quartz ^ feldspar ^ and mica. 

2054. Quartz is the substance commonly called 
roci crystaly and has already been described (1320). It 

* A Descriptive Catalogue of the British Specimens, deposited in 
ike CfeologiccU Collection of the Royal Institution. Longman & Co., 
1816. 

t In selecting specimens of rocks and strata for the geological 
cabinet, we should endeavour to show their recent fracture, as well 
as their weather-wora surface, which is generally easily attainable. 
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is sometimes met with in momitain maisses, which usuany 
present a conical appearance. The quartz is milk 
white, and of a mQ|p or less granular texture. The 
Sugar-Loaf Mountains near Dublin, the Paps of Jura 
in Argyk)^jbw> and some of the mountains of Su1lle^ 
land andd^n^ess, present instances of this formation, 
which is stratified in the island of Jura ^.. 

2055. Feldspar, the next constituent of granitei ii 
A compoimd body, of which silica and alumina are 
predominant ingredients ; it generally contains a little 
lime and potassa, and is often coloured by minute por- 
tions of oxide of ironf. Sometimes it is found crys- 
tallized, when it assumes the form of four and six-sided 
prisms, bevilled on the extremities ; its usual coloon 
are red, white, and grey. It is softer than quarti» 
but harder than glass, and is characteristically marked 
by fusibility before the blowpipe. 

Feldspar is a very important ingredient in many kinds 
of pottery; and the substance used by the Chinese, 
under the name of petwitz, is probably of a similar 
nature. The decomposing feldspar of Cornwall is abun- 

* Geological TransactionSy ii. 450. 

t In a fine specimen of pale flesh-red feldspar, from the Alps, 
crystallized in the form of the oblique four-sided prism, I found 
the following constituent parts : 

Silica 68.00 

Alumina 20.00 

Potassa 8.30 

Lime 2.00 

Oxide of iron 0.50 

99.00 
Loss L 

100.00 
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danUy employed in the English porcelain manufactories, 
and, as it contains no iron, it retains its perfect white- 
ness. According to Mr: WedgiMPd, it consists of 

60 alumine 

20 silex 

20 moisture and loss. 

There are some beautiful varieties of feldspar em- 
ployed in ornamental jewellery, such as the green and 
blue or Amazon-stone^ of Siberia and America; the 
folmted, pearly, or resplendent feldspar, called adularia 
and moan-stone ; and the feldspar of the island of St. 
Paul, upon the coast of Labrador, distinguished by the 
property of reflecting very beautiful colours when the 
light falls upon it in certain directions. Feldspar Is an 
important component of several other rocks besides 
granite. 

2056. Mica, the third and last of the essential in- 
gredients of granite, is a well-marked compound mine- 
ral, consisting principally of alumina and silica, with a 
little magnesia and oxide of iron. Its texture is la- 
mellar, and it is easily split into thin, flexible, elastic, 
and transparent plates. It is so soft as readily to yield 
to the nail; it is sometimes met with crystallized in 
four and six-sided plates and prisms. Its usual colours 
are shades of brown and grey ; sometimes it is red, 
and sometimes black. In some parts of Siberia mica 
is copiously quarried, and is employed as a substitute 
for glass in windows and lanterns. It has been thus 
nsed in Russian ships of war, where it has the advan- 
tage of not being shattered, like glass, by the discharge 
of artillery. The extreme tenuity of the plates into 
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which it may be divided, and their elasticity^ renders it 
very useful for the enclosure of objects to be submitted 
to microscopic inspe^jlion. 

2057. Such are the characters of the componenti 
of granite fc|^in some specimens of which they may be 
distinctly iRoed and separated from each other, Imt 
sometimes the particles are so small as to produce a 
compound, which to the unaided eye will seem almost 
homogeneous. We have, therefore, fine and coarse- 
grained granite. The former is abundant in Scotland, 
the latter in Devonshire and Cornwall. Indeed, the 
Cornish granite is remarkable for the well-defined and 
large crystals of feldspar which it contains, and whidi 
may be seen in many parts of London, where this rode 
has been used for paving, and where the crystals of 
white feldspar have become evident in the mass, from the 
constant attrition to which it has been subjected. It ii 
of this stone that tlie Strand Bridge is mainly con- 
structed. The colour of granite is principally depen- 
dant upon that of the feldspar it contains, though a daik 
mica will often give it a gloomy hue. It is commonly 

grey or reddish. 

2058. There are two rocks very closely allied to 

granite, and usually associated with it; I mean slaty 
granite, or gneiss, composed of precisely the same ma- 
terials as granite, but slaty in its fracture, owing to die 
comparatively large quantity of mica it contains ; and 
the other rock is a compound of mica and quartz ; it 
has a slaty texture, and also derives its leading charac- 
ters from the large quantity of mica it contains ; it is 
called MICA slate. 

« 

2059. On the origin of granite geologists widely 
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differ. As it constitutes the basis upon which all other 
rocks appear to lie, Werner has regarded it as the first 
formation of that chaotic roi^-depositing fluid, in 
which he imagines the earth once to have been en- 
veloped. But many peculiarities of granite have been 
adduced by Dr. Hutton, as contrary to neh an opi- 
nion. If we examine a granitic district in nature, we 
ihall observe, in regard to it, two leading phenomena. 
The one is, that veins of granite frequently shoot from 
the great mass into the superincumbent strata. The 
other, tiiat the bodies lying upon granite, especially if 
they be stratified, either bear evidence of having been 
broken up, dislocated, and penetrated by the granite, 
whilst in a fluid stafe ; or they seem as if gradually 
elevated by sotne power which has thrown the granite 
up from below. So that, upon this view of the subject, 
the date of granite, as far as concerns its present po- 
sition, is posterior to that of the strata that rest upon 
it. They were first deposited, and the granite then 
erupted from beneath, and elevated the other strata, 
throwing them out of the horizontal, and giving them 
various inclinations to the horizon, or sometimes a ver- 
tieal position. The Brocken Mountain in the Hartz 
Forest in Germany, St. Michael's Mount in Cornwall, 
and the granitic district at Aviemore in the Scotch 
Highlands, will furnish illustrations of this subject. 
The first I select as being, at the same time, one of 
the favourite proofs x^ith the Wernerians of their mas- 
ter's theory, while the Huttonians may regard it no 
less favourable to the truth of their views. 

Of tiiis mountain the peak is granite, and upon it 
are regular layers of other rocks, the dip or inclination 
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of which is regulated hy the surface of the central 
granite. In inspecting a section . of the Hartz mounr 
j;ain, it will, I think, Jiardly be denied, that the appear- 
ance is rather in favour of the elevation of the strafat 
by the erqptipn of the granite, than of the original 
deposition Af the granitic nucleus, and the successive 
subsidence of the other strata upon it. 

At St. Michaers Mount, in Cornwall, a schistose, or 
slaty, rock, is invaded by a mass of granite from be- 
neath ; veins of the latter penetrate the former, which 
is hardened, and broken, apparently by the force with 
which the granite has been protruded. Indeed, the 
whole granite district of the west of England, begin? 
ning at Dartmoor, in Devonshire, and extending to the 
Land's End, in Cornwall, presents appearances, which 
are no way so well accounted for as upon that hypo- 
thesis which considers the granite to have been thrown 
up from below in a fused state, and to have forced ito 
way through the superincumbent strata. There are 
four granitic summits in the promontory of Comwalli 
all probably connected with each other, and with (hat 
at Dartmoor: and the surrounding country is prin- 
cipally clay slate, which every where inclines to the 
granite, in the same manner as the strata of the 
Brocken, in the Hartz Forest. 

In the hill at Aviemore, to which I have alluded, 
veins of granite are seen penetrating tlie slaty rock iu 
all directions ; and upon the weather-worn side, facfaig 
the north-east, a large vein of granite may be perceived, 
widest at bottom, running nearly perpendicular, and 
enlarging into a mass, or stratum, of granite, between 
the schistose layers. 
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Such, then, is the appearance of granite, and such 
fhe arguments of the Huttonian geologist concerning 
its origin. I have mentioned that the superincumbent 
rocka are frequently penetrated by granite veins, and it 
is obvious that every vein must be of a date posterior 
to that of the body which contains it ; and farther, as 
die veins are often observed to proceed from the main 
body of the granite, into the superincumbent strata, it 
may be argued, that the mass of granite, and the veins 
proceeding from it, are coeval, and both of later forma- 
tiom than the immediatelj/ superincumbent strata. 

Veins of granite, however, are frequently discovered, 
which cannot be traced to any original mass, or moun- 
tain; they seem to be insulated, as it were, among 
other strata. This is the case at Portsoy, and in Glen- 
tilt; and in some of the Western Isles of Scotland, 
especially Tiree and Coll ; and is also observed in numy 
parts of Cornwall. Dr. Hutton, from collateral evi- 
dence, conceives that these are always united to some 
granitic mass, though too deep, or at too great dis- 
tance, to be traced and discovered. 

It may now be asked, how the pupil of Werner ac- 
comits for phenomena of this kind ? I have already said 
that he regards granite as having been deposited before 
all other rocks, though its irregularity and its general 
want of stratification are decided objections to such an 
idea, and tliat the other substances were precipitated 
upon it in the order we find them. In these strata, 
dracks and fissures occurred, and a new deposition of 
granite took place from the chaotic fluid, confined to 
the said cracks and fissures, and producing the appear- 
ance of granitic veins ; and the hardening of the neigh- 

VOL. III. s 
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bouring rocks, referred by the HttttonlanB to the heat 
of the injected granite, is accounted for by ihe itifiltra- 
tion of the aqueous solution, which has, as it Were, 
lapidified tlie softer materials. Now, though We may 
imagine granite to have been in igneous filsion, we 
cannot easfly conceive it susceptible of aqueous solu- 
tion; and if so dissolved, why should its second de- 
position have been confined to the cracks and fissoM ; 
Why should it not have formed a new stratum ? With 
ttiese facts before us, it is useless to enter into further 
comments, and we can only embrace that hypoffaesis, 
(for, after all, it is but hypothesis,) which appears best 
supported by evidence derived from actual observation*. 
2060. The aspect of a granite district in nature ii 
subject to variation; it, however, exhibits traits suf- 
ficiently peculiar, which are readily recognised hf the 
traveller in his approach to it. 

In Cornwall, and in some parts of Ireland, especially 
in the county of Donegal, the granitic rocks are marked 
by the bold and abrupt precipices which they present 
to the attacks of the ocean ; and by the barren and 
dreary aspect of the inland plains, that seem like fields, 

* Some have regarded ^anite as a congeries of crystals of 
mica, feldspar, and quartz, accidentally blended and united ; the 
inspection, however, of the rock, clearly proves that all its materiab 
have been together in fusion ; for we find in some granites the 
quartz impressed by the crystals of feldspar, and in others the 
feldspar receives impression from the quartz. Dr. Hutton has 
looked upon this as demonstrating the igneous fusion of granite, 
for, (says Mr. Playfair,) " had the materials been dissolved in 
water, one kind of crystal ought not to impress another, but each 
enjoy its own peculiar shape.'* This, however, I do not hM 
to be sound argument. 
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in which blocks of the stone have been torn from their 
beds, and indiscriminately scattered over the moss- 
grown surface. The eleration of these districts is not 
considerable, the granite is coarse grained, and splits 
into immense blocks, separated from each other by 
natural seams, and appearing like the ruins of edifices 
iM^nstructed by a giant race. In other cases, granite 
forms irregular and broken peaks, of prodigious ele^ 
▼ation, and does not split into the blocks and masses 
joft alluded to. This is the case in the Alps and Pyre- 
nees, in the highest Scotch mountains, in the Hartz, 
knd in the Tyrol. 

In Asia and Africa granite constitutes the Uralian, 
Altaian, and Himdiaydn chains, and the Atlas mountains ; 
knd in South America, the lofty ranges of Cordilleras are 
<^efly of a similar description. The wood-cut at the 
head of this section shows the appearance of the alpine 
and of tlie massive granite. The sketch is taken from 
that of Mont Blanc, andoftheLand's-End, inComi^rall. 
2061. Some Kinds of granite are prone to 'de- 
composition, crumbling down into a fine clay contain- 
ing siliceous particles: this probably arises from a 
peculiarity of the feldspar, afterwards to be noticed. 
In g^ieral, granite is the most durable of nature's pro- 
ductions, and long resists the destroying hand of time ; 
as a building material, therefore, granite is almost 
unrivalled: and, though in common cases its extreme 
hardness is against its employment, its use should be 
joined for public edifices. Dublin furnishes some 
noble examples of buildings constructed of granite, 
which is there procured in the immediate vicinity of the 
city, and of a very beautiful kind. 

S 9 
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In Wales there is very little granite ; in the north of 
Scotland it is abundant ; and in England it occurs in 
Cornwall, Devon, Westmoreland, and Cumberland. It 
is also met witli in smaller quantities in Worcestershire, 
at the Malvern Hills ; and in Leicestershire, in Chan- 
wood Forest. 

2062. Although granite probably exists in great 
abundance below the earth's surface, the quantity visi* 
ble above ground is comparatively small, perhaps not 
amounting to a hundredth part of the other primiti?e 
and transition rocks. In some parts of Scotland the 
granite superficies, however, is very considerable, and 
much exceeds the limits assigned to it by Dr. Hutton. 
Upon this subject a very acrimonious controversy aroie 
between Dr. Hutton and Mr. Kirwan; the genenl 
statements, however, of the former, in this and otiier 
cases, commonly make much nearer approach to truth 
than those of the latter ; but as human reason is not 
infallible, he who always contradicts must sometimes be 
right, and thus the mere cavilling disputant may oc- 
casionally discover the errors of the slow and cautious 
observer of nature. 

2063. To the class of massive unstratified rocks 
belongs Porphyry, a substance which is ranked by 
Werner among the primitive formations. Its essential 
constituent is feldspar ; and genuine porphyry may be 
defined as massive feldspar, containing embedded crys- 
tals of the same substance. Any rock including distinct 
crystals of feldspar, is called porphyritic^ as porphyritk 
graydte, &c. The colour of porphyry, which is usually 
reddish, brown, and green, is principally derived from 
the base, or paste including the crystals. The common 
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aspect of porphyry is that of blocks and masses, not 

?ery unlike some of the varieties of granite, but its 

fragments are generally smaller, and are in a more 

decajring condition. Porphyry is an extremely durable 

material for architectural purposes, and as such was 

highly esteemed among the nations of antiquity. It is 

met with in many parts of Britain : and in the north, 

the porphyry districts are of singular grandeur, as at 

tbe base of Ben-Cruachan, on the banks of the Awe ; 

and amidst (he precipices of Ben-Nevis, the highest of 

the British mountains. 

* The British porphyries are many of them of great 
beauty, and might well be substituted for all ornamental 
purposes, for the more rare and expensive foreign va- 
rieties. 

206i<. Granitic rocks frequently contain a large 
proportion of hornblende, a mineral of a greenish black 
colour, which sometimes forms prismatic Crystals ; it 
consists of silica and alumina, with magnesia, and ap- 
pears to derive its colour from oxide of iron, of which 
it contains from 20 to 30 per cent. Hornblende some- 
times passes into mica ; and if the component parts of 
the two bodies be compared by analysis, the principal 
difference will often be found to consist in the excess 
of iron in the former. 

These aggregates are termed syenites, or syettitic 
rocks, and are of various hues, according as one or 
otiier of the constituents predominates. Sometimes 
the place of the quartz is wholly occupied by horn- 
blende, and the rock is principally an aggregate of 
feldspar and hornblende. The term syenite is derived 
from Syene, in Upper Egypt, where this rock is plen- 
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tiful, anil was used for architectural purposes by && 
Egyptian and Roman sculptors. The aspect of syemtic 
rocka is alhed to that of granite and porphyry. They 
may he ohserved rising from the slaty district of St, 
David's, in Pembrokeshire; and in Cumberland, near 
Wastdale and Buttermere. A beautiful syenite ia no- 
ticed by Mr, Bakewell, as occurring in Leicestershire, 
at Markfield-Knowle, a hill on Charnwood Forest. 
Syenite very often contains magnetic oxide of iron. 

20()5. Anotlier substance belonging to the clas* 
of rocks we are now describing, is serpentine; itj 
appearance is singularly picturesque and beautiful ; and 
it forms a delightful contrast to the sublimity of gra- 
nitic districts. Serpentine has its name from the variety 
of tints which it exhibits, such as bright red, greeu, 
brown, yellow, and their various shades, and it oflen 
is prettily traversed hy veins of a soft suhstance, to 
which the term steatite or soapstone has been gir<D 
(698)*. 

Some of the varieties of serpentine admit of a 
tolerable polish, and such are very desirable for many 
ornamental purposes. 

Serpentine is seen in Cornwall in characteristic 
beauty, forming part of the Lizard promontory on the 
southern coast of the county, where its general aspect is 
shown in the following sketch. It appears in variously 

* Seqienline has been repeatedly analyied ; but the reaidu m 
very discordaot : no doubt owing to the indetermiuate nature of 
the rock. See Jameson's Mineralogy, 2d edit., Vol. i., p. 509, 
Its principal constituents appear to be silica, magnesia, oxide of 
iron, and a little carbonate of Ume. Se« the analyses ot SgrjUMtiM, 
given above (1394). 
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riiaped and coloured blocks and masseB ; it forms 
Mtural arches, columns, and caves ; and the district is 
of very singular interest from many concomitant cir- 
cumstances, especially from the blocks of porphyry upon 
which the serpentine is incumbent, and the veins of gra- 
nite ftBBOCiating with those of steatite, which pervade it. 




Serpentine is met with also in the Isle of Aiiglesea, 
upon the northern coast near the celebrated Parys Mine. 
Some of the serpentine of this district is of more brilliant 
colours, more hard and translucent than the ordinary ser- 
pentine ; it belongs to the species called hy mineralogisti 
noble serpentine ; the same rock occurs at Portsoy, on 
the Murray Frith in Banffshire, where it is associated 
with granite. 

The composition of serpentine.as relates to its proxi- 
mate components, has been variously described. U H 
generally so hne grained as to appear of an uniform tex- 
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turc ; but in Coniwali a coarsely aggregated rock, coo- 
Slating of feldspar , talc, and schiller spar, may he traced 
passing into the fine-grained serpentine. I have already 
alluded to the nature of feldspar. Talc is a body Bome- 
what resembling mica in appearance, but the plates into 
which it is divisible are not elastic. Its usual coloura 
are various shades of green. It consists of nearly 

equal parts of silica and magnesia, with a little lime; 

not more than six per cent. It is met witli in small 

tabular crystals. 

Sc/iiller stone, or schiller spar, is a term from the 

Germans, implying glistening or changeable spar ; it in 

one of the varieties of diallage of the French authors; 

it is a silico-fcrnigiuous fossil, containing 

44' silex 
24 iron 
18 alumina 
13 magnesia. 

Its colour is dark green : its usual lustre is semi-metnUif. 
varying according to its position in regard to incident 
light. 

Steatite is a substance of different tints of grey and 
green, and from its very singular unctuous feci, has 
been called soap-stoiic. It is somewhat abundant in the 
serpentine of Cornwall, one of tlie masses of which is 
called the soapy rock ; it is here carefully collected for 
the porcelain works of Worcester and Swansea, in 
which it forms a very important ingredient. It also 
occurs in the serpentine of HanflT. AccordUig to Kla- 
proth, Coniisl) steatite consists of 



MAimLB. 265 

Silica 4.5.00 

Magnesia 24.75 

Alumina '..- 9.25 

Iron 1.00 

Potassa 0.75 

Water and loss ._. 18.00 

98.75* 

I 

2066. Marble (643) is the last of the rocks be- 
longing to the class I am now describing. It is also 
very abundant in the secondary rocks, but its characters 
are there different. Among primary rocks, marble is 
associated with mica slate, gneiss, serpentine, and 
qiiartz rock, and it differs from marble belonging to 
other rocks, in its granularly foliated texture and in the 
absence of organic remains. The most esteemed va- 
rieties are perfectly white and free from veins ; some- 
what translucent, and susceptible of a good polish. 
These marbles are imported for ornamental purposes, 
especially for those of the sculptor. Nearly all the 
sublime works of the Grecian artists were sculptured 
in the marble from the isle of Pares in the Archipelago, 
and from the Pentelic mountain near Athens ; but the 
marble of Carrara is now in highest estimation, and 
is almost exclusively used by the European sculp- 
tors of the present day. Of the coloured varieties, 
that of the isle of Tiree is extremely beautiful ; it is of 
a pale red, spotted with green hornblende. Marble is 
found in several parts of Scotland, and in some places 
of characteristic beauty, and alternating within small 



• Vide Klaproth's Beitrdge, V. Band, S. 24. 
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limits, with other rocks. Dr. Mac Culloch, in hii 
Sketch of the Mineralogy of Sky *, has described save 
ral beautiful varieties found in that island, and hii 
adverted to the ceconomical uses to which they an 
applicable. In Inverary park primary marble may be 
seen in contact with mica slate and porphyry. Ser- 
pentine and marble are sometimes blended together, and 
they then form a valuable compound for omamentil 
purposes, which has been called Verd Antique. In the 
serpentine of Anglesea, patches of marble are foopd 
which much enhance its beauty. 

A very remarkable marble quarry is that of Icolmkii, 
or lona. Gneiss rocks constitute the leading feature of 
this island, but at the south-west point is a bed of 
marble, about 40 feet wide, bounded by vertical walb 
of hornblende rocks f . Near it is a mass of homstoiMi 
and above the whole protrudes an immense vein of gri- 

* Geological Transactions, iii. p. I. 

t The marble is of the species called dolomite (698), diitiDr 
guished from the true primary marble or granular lime-stone, by 
the tardy effen-escence excited by pouring muriatic acid upoa it, 
and by its containing magnesia ; it is also finer grained, and iu 
fracture more splintery, than that of common marble. The dolo- 
mite of lona yielded to Mr. Tennant, 

Carbonic acid , 48.82 

Lime 31.12 

Magnesia 17.06 

Insoluble matter 4.0d 

Pka.TransAm. 

The dolomite of the Apennines yielded to Klapr^th, 

Carbonate of lime 65 

Carbonate of magnesia . . • « 35 

Beitrage, B. 4, S. 215. 
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nite, forroinided by the marble, but from which it has 
heexk loosened, so as just to admit a person to pass be- ' 
tweeii the bro walls. That they have once been in con- 
tact, is proved by the granitic protuberances having cor* 
rmpoiDdeDl indentations in the marble, and vice ter^. 

2067. We have now considered a highly important 
aeries of rocks, and have enumerated their characters as 
iiiiolated individuals. As a class they present analogies 
which distinguish them from their superincumbent neigh- 
bours, and give them the stamp of a peculiar and dis- 
tinct formation, either formed before organic beingSt 
or under circumstances which have destroyed such 
remains. 

In these rocks we seldom observe any regular strati- 
fication ; they are mostly constituted of amorphous, irre- 
gular, and various masses, and present no appearances of 
having been deposited from water. They are crystalline 
aggregates ; and they are deeper in their situation than 
other rocks, which always appear incum|)ent upon (hem, 
and often elevated or heaved, as it were, by their ope- 
ration. 

They often break through the beds, or layers, thai 
cover them, and rise to a very great elevation, forming 
the summits and peaks of the loftiest mountains. In 
England they are comparatively rare; in Cornwall 
there is abundance of granite, but it rises to no great 
height. Granite and its associates are found in Cum- 
berland, but[they are sparingly scattered over the county ; 
and the romantic and picturesque aspect of the hills is 
diiefly derived from other species of rocks. In Wales, 
tfie primary rocks are uncommon, and I know of no 
granite ; but there is a portion to be found in the centre 
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of Anglesea, near Gwindy, where its associations merit 
notice. 

In Scotland, the districts composed of primitive rocks, 
and presenting their various aspects, junctions, and tran- 
sitions, are full of grandeur and interest. Travelling 
northwards from Edinburgh, we enter upon mica slate 
at one of the Highland passes, and, crossing the Gram- 
pians, find their principal summits of the same materiab. 
From Loch-Tay to Killin, the same rocks continiie, 
with beds of limestone. Ben-More is a mica slate rock, 
of exceeding grandeur ; it rises to about 4000 feet above 
the sea's level, and is thickly intersected with quartz 
veins. Ben-Lawers, to the North of Loch-Tay, is of 

similar composition ; it is chiefly gneiss, associated 

I 

with mica slate and quartz ; and the same substances 
are found at Crag-Caillach, and Schehallion, and con- 
tribute to the magniflcence of the celebrated pass of 
Killikrankie, between Dunkeld and Blair in Athol. 

I have thus represented the highest mountains in Bri- 
tain as composed of granite and its associates ; but these 
are mere trifling protuberances upon the earth's face, 
when compared with the exceeding heights of the Alpine 
chain, or the yet more elevated mountains of South 
America, and of Asia, which consist of the same ma- 
terials. Ben-Nevis, the loftiest of the British mountains, 
is situated in the south of Inverness-shire, and is 4370 
feet high. Cairngorm, in the same county, is 4050 
feet high. Mont Blanc, in Switzerland, has its peak 
elevated 15,600 feet above the level of the sea; it is 
the highest mountain of Europe ; Chimboraso, the 
highest summit of the Andes, is 30,280 feet above 
the sea's level ; many of the peaks of the Himalaya 
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chain are as high, and the loftiest appears to exceed 
25,000 feet *. 

The reason why these excessive elevations present 
DoHnng but primitive rocks, and especially granite, (ex- 
oeptmg, indeed, where they are volcanic) may not at first 
afipear quite obvious, for in the low lands the primitive 
are generaDy covered by secondary strata, which were 
abo once probably incumbent upon their loftiest sum- 
mili. It is likely that the destructive agencies of tiie 
dements have been so powerfully exerted in these ele- 
vated and unprotected regions, that the secondary rocks 
have pelded to their unceasing attacks, and have been 
carried towards the valleys by the rills and torrents, 
while granite and its durable accompaniments have more 
obstinately opposed the inroads of such resistless as- 
sailants. 

2068. At the same time, however, it will seem 
probable that the granitic mountains have themselves 
suffered tremendous degradation, and that at a former 
period their summits were beyond their present eleva- 
tion. All this will appear more clear when the general 
diaracters of mountain chains, and the phaenomena of 
tbeir decay, are taken into the account. But several 
circumstances present themselves to the most superficial 
observer, which, in a language that it is impossible to 
misinterpret, announce the influence of destructive agents 
upon these apparently invulnerable materials. Prodi- 
gious masses of granite are often found among the 
secondary strata that form the valleys under primary 
mountain chains; they are insulated and unconnected 

* See an article on this subject in the sixth Volume of the 
Qitarterfy Journal of Science and the ArtSy p. 55. 
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with any general mass of the same material ; and the 
more distant they are from the granite range, the more 
they are rounded and smoothened upon the surface. Of 
this description are the boulders, or blocks of granite, 
observed by Saussure upon the east side of the lake of 
Geneva. Oiie of these, called Pierre de OouU, is ten 
feet high, with an horizontal section of 15 feet by 80. 
In the valley of Chamouny, several similar blocks haf€ 
fallen ffom the Aiguilles. Some of these have bees 
transported between 30 and 40 miles, and as seven! 
mountains and valleys are how interposed, their tram- 
portation iiiust have taken place at a very rmote 
date*. 

In the glen which separates the Great from the Litik 
Saleve, there are many granite boulder stones strewed 
over a calcareous plain ; and of these several are sa|»- 
ported upon a short pillar of limestone, resulting from 
the {Protection afforded to the calcareous rocks by tte 
harder boulder, so that the height of the column becomes 
a measure of the wearing away of the surrounding 
country. This appearance has induced Saussure to 
assert, that these stones are now in the very situation 
where they were left by the great aqueous torrent, or 
debacle, which tore them from their original bed, and 
brought them down from the high Alps ; a conclusion, 
however, as Mr. Playfair has remarked, not altogether 
warranted by the fact. In some of the recesses of tbc 
Jura there are large, and somewhat angular, blocks of 
granite, which have evidently been deposited in their 
present situations at very remote periods, the surround- 

* See Dr. Kidd's Geological Essay^ Chapter xviii., which con- 
tains an account of the most remarkable boulders. 
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tag and impending heights being composed of limestone 
rocks, which form an amphitheatre romid the present 
falleys. In the neighbourhood of Neufchatel» too, there 
is an enormous insulated mass of granite : it is as large 
as the celebrated foundation of the statue of Peter the 
Grtat, erected at Petersburgh by Catherine II., which 
IS conposed of ai boulder, or detached block of granite, 
found in a bay of the Gulf of Finland, whence it wy 
tnnsported to the capital ; its length was 42 htt, its 
breadth 27 feet, its height 21 feet*. 

In the Isle of Arran, an immense block of granite is 
foond upon the shore, not only three miles from the 
nearest granite rock, but having also a bay of the sea 
intenrening; and several similar instances might be 
adduced, proving the great ravages that have been com- 
mitted upon even so hard and unyielding a body as 
grailite^ We shall not, then, be surprised that the same 
•gents, acting upon softer materials, have made more 
successful depredations ; and have, in many instances, 
completely denuded those granitic surfaces, which were 
eDce clothed by secondary strata. 

2069. In Cornwall, granite is sometimes of very 
rapid decomposition, and the streams which traverse 
these districts deposit a finely-divided eartiiy matter, 
tesulting principally from the feldspar, and much used 
in the potteries. Carglaise tin mine is situated in a 
decomposing granite of this kind, and presents a spec- 
tacle highly worthy the attention of the curious. The 
mine is a vast chasm in the granite rocks, and exposed 
to the day. The tin ore and shorl rock traverse it in 

* See the Relation, par le Comte Marin Carburi de Ceffalonie^ 
Stc. Paris, 1777. 



97-2 



DECOMPOSING GRANITE. 



abundant veins, and the surrounding peaks strongly 
remind the beholder of a miniature representation, or 
model of the Alps. Possibly the rapid decay of tJie 
granite here depends upon the quantity of alcali con- 
tained in its feldspar. 

Dr. Mac Culloch, in a dissertation on the granite Tors 
of Cornwall, published in the Geological Transaction!, 
has made some interesting remarks upon the peculiarities 
which they present, and which have given rise to much 
idle and ignorant speculation. A very remarkable Toris 
the Cheese-wring, upon an eminence near Liskcard. It i* 
a cairn consisting of five stones, of which the upper ones 
are larger than and overhang the lower, the whole pile 
being 15 feet high. The stones of which it consistsare 
yielding to the weather most rapidly at their angles and 
edges ; they are thus becoming rounded, and approach- 
ing that tottering state which will soon hurry them 
down the precipice to their former companions in the 
plains below. 

This tendency of square blocks of stone to become 
spherical, independent of friction, is productive, in 
otlier cases, of very curious consequences, and has often 
been considered as demonstrating the agency of streams 
or currents, by which the masses have been transported 
from distant regions. The present Tor has, by some 
antiquarians, been considered as a druidical statue of 
Satiini. The same cause appears to have produced the 
celebrated Logging-stone. 

2070. Before we quit the subject of primary rocks, 
it will be right to mention a district of Britain, wllicb, 
for grandeur of scenery and geological interest, can, I 
think, scarcely be surpassed. I allude to the country 



r 



GRANITIC CONfil-OMERATE. '273 



between the eastern extremity of Loch-Ness and Fort- 
George, and especially to the rocks over winch the river 
Fyers pursues its turbulent and winding course. 

These are seen in characteristic grandeur in the neigh- 
bourhood uf the small inn called the General's-hut, and 
the scenery becomes more and more impressive and inte- 
resting until wo arrive at the celebrated falls of the river. 
I should call the rock a grflHi'/ic breccia, or conglomerate ; 
it appears made up of numerous angular fragments of gra- 
nitic materials, held together by a siliceous cement, and 
the aggregate is of extreme hardness and durabihty f 
masses resembling jasper and agate may also be ob- 
served in it. Dr. Garnet compares the cement, or 
basis of the rock, to a lava of a reddish hue ; and a 
common observer would consider the whole as frag- 
ments of granite which had been united by semi- 
fusion, or softened and glued together, as it were, 
in the fire. The general aspect of the surrounding 
scenery is such as to impress the mind with the idea of 
some vast convulsion of nature having torn the rocks 
asunder, and shattered them into gigantic fragments ; 
rugged crags and abrupt precipices present themselves 
on all sides, and the river rushes with tremendous im- 
petuosity through deep and obstructed chasms. A rude 
bridge is thrown over the upper fall, whence the specta- 
tor beholds the waters of the Fyers, at the distance of 
200 feet beneath him, rushing into a cavity of 70 feet 
in deptli, whence they again emerge in perfect stillness, 
and, running over an uneven and fragmented channel, 
approach tlie lower or grand fall. Here the waters, 
previously pent up and exasperated, suddenly discharge 
ill their violence, and are lost in a deep abyss. The 

VOL. 111. T 
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depth of the chasm in which the river flows is 400 feet, 
and it bursts forth in an unbroken stream/ coDstitatag 
a fall of 212 feet perpendicular height. The ragged 
irregularities of this district, the fragments tiiafc :I]6 
thickly strewed upon the sides of its mountaiDs» the 
caverns that abound in its roeks, and the perpendiariv 
precipice of the great cascade, considered e€(BJ0tlf' 
with the peculiar texture and composition of tteMUlK 
rials that form it, present many objects worttrf ^Ai 
attention of the geologist, and may be regarded -aarii*' 
cording some great natural convulsion, which hm/^ttlt' 
only broken up and reunited certain primary rmki, hit' 
has again disturbed their tranquillity, and thrown 
into the stupendous confusion they now 
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Section III. 0/ Slratifitd Rocks, and of tke Trau.fi- 
tion and Secondary/ Fortimtions of Werner. — Rock- 
I aaU, Coal, Alluvial Matters, Basalt, 

W- 2071. We now descend from tlie primitive, to the 
transition rocks of Werner ; these are more particularly 
the stratified rocks of the Huttonian geologists, and they 
are distinguished by several well-marked characters from 
the imstratified and primary rocks. 

One leading and general circumstance may be ob- 
served in regard to them, which is, th:it they never 
attain the great elevation of the primary bodies ; thig 
has been elsewhere referred to the comparative readi- 
ness with which they yield to the assaults of decompo- 
sition and disintegration. 

The highest known mountains in the world are those 
of Thibet, constituting the Himd!%4n chain. They 

: alluded to hy Col. Kirkpatrick, in his Htxlcny of 
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Huttonian interpretation. It is probable* tfien^ fhat fliie 
materials of the transition rocks, or, as I would rather 
put it, of those secondary and stratified rocks which are 
immediately incumbent upon the unstratified primitive 
rocks, are derived from the destruction of a former order 
of things ; that they have been delivered into die ocean 
by the rivers, that they have covered the bottom of the 
sea, and have been hardened » elevated, and traversed by 
tlie eruption of granitic and other substances belonging 
to that class, from the bowels of the earth. 

2073. The next peculiarity of the secondary rocb 
that presents itself, is their containing fragmenti, 
pebbles, and organic remains; whence cosmogonifii 
have framed sundry conclusions concerning the particu- 
lar period of their formation, which, it will be unwise 
and useless here to discuss. At the same time, the 
presence of bodies which once belonged to the orga- 
nized kingdoms, but which, although still retaining theb 
original forms, are completely fossilized, furnishes us 
with many interesting conclusnons, and holds out to the 
inquisitive unfailing matter of useful discussion. In the 
oldest secondary rocks fragments are often found, and 
rounded pebbles, whence we learn their origin from 
former rocks. Upon these, beds occur which contain 
remains of shells, corals, and fish, all of marine origin, 
and oftentimes the races are extinct. Approaching the 
newer rocks, relics of quadrupeds, now no longer known, 
are observed ; and, following the deposition of strata, 
we ultimately arrive at remains of lizards, crocodiles, 
elephants, deer, and some other animals ; and we occa- 
sionally discover districts containing land and sea-sbelb 
in alternating layers. 
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I merely make allusion to these factSi to show how curi- 
and new is the field of inquiry, which modem geology 
has opened. It has taught us that whole races of animals 
lia?e been swept from the earth's surface ; that not 
mJtf q>ecies, but likewise genera, have become extinct ; 
that fresh water and dry land existed before the forma- 
tion of many of our secondary strata ; that oviparous 
quadrupeds began to exist along with fish, nearly at the 
eommencement of the secondary formations ; that mam- 
jniferous sea animals are of more ancient formation than 
land animals ; that a few of those now known, existed 
towards the termination of secondary formations, but 
.that by far the greater number are of later date, and 
probably contemporary with the present ordjer of the 
-aartfi's surface, for their bones are only discovered in 
Fery recent depositions, and are in a state of inferior 
- |ireservation to those of more ancient date ; and, lastly, 
it is to be observed that no fossil human remains have 
yet been found. 

. Such are some of the topics which this part of geology 
. presents for consideration, and which show us that the 
earth is indeed ** as a book, in which men may read strange 
. matters/' Though the existence of fossil remains must 
have been noticed from the earliest ages, the philoso- 
phical discussions to which they have given rise are of 
Tery modern date, and the merit of fixing the geologist's 
attention upon them/ as recording certain revolutions 
of the globe, belongs chiefly to Cuvier. 

Further, to promote attention to the nature and 
arrangement of the secondary rocks, it may be sug- 
gested that they are the chief repositories of metallic 
substances ; and that, by their decomposition and decay 
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they iumish the principal materials of the soil in which 
the vegetable has its habitation^ and consequently upon 
which the existence of animals ultimately depends. 

'2074. Of the secondary rocks. Clay-slate may be 
first noticed; it is esLtremely abundant, and genenJly 
immediately incumbent upon the primary series. It is 
often micaceous near the junction, and we frequently 
observe it fragmented, and penetrated by quarts or 
feldspai;, . or mica, or by granite itself. Before the blow- 
pipe, it fuses into « black mass ; its usual colours are 
various shades of grey, and it is generally so soft as 
to'y;ield to the nail. Siliceous and argillaceous earths, 
and .oxide of iron, with a littie lime and ma^esia, aie 
its principal ingredients *. The varieties of slaie aie 
applied to various useful purposes ; that which is easily 
separable into thin plates, compact, sonorous, and not 
injured by the application of a moderate heat, is em- 
ployed for roofing houses. London is chiefly supplied 
from Bangor, in Caernarvonshire ; and from the nd^ 
bourhood of Kendal, in Westmoreland : there are also 
very large quarries at Easdale,in Argyleshire; according 
to Mr. Jameson, five millions of slates are there annually 
manufactured, which gives employment .to 300 men. 



i^ 



^ I obtained, as the results of the analysis of a specimen from 
LusS; near Dumbarton, the following component parts : 

Silica 48 

Alumina « .••••• 28 

Magnesia 5 

Lime 2,5 

Oxide of iron 10 

Loss 6,5 

100.0 
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n^re are several slate quarries of note in Dumbarton- 
dure ; one ought particularly to be mentioned, at Luss ; 
it is. of geological interest, and commands a qaptivating 
view of the lake, and the neighbouring mountains. Here 
the clay-slate rests upon mica slate ; the former is of a 
purplish tipt^ penetrated by veins of pink carbonate of 
lime, and of quartz } the latter is very remarkably con* 
torted* 

2075. Other varieties of claynslate are used for 
writii^-slates, slate-pencil, ^c. ; and where slate is very 
abiBidanty we observe it employed for monumental 
.tablets^ pavements, and walls. Crystals of iron pyrites, 
and some other extraneous bodies are not rare in slate ; 
thesQ . generally . render it unfit for the applications I 
have alluded to. Slate often contains fragments of 
•oDier rocks, embedded masses, and nodules of various 
kinclaf frequently pebbles, and occasionally a few 
iipoipressions of shells ; it also often derives a green 
colour from the presence of a mineral called chlorite^ 
.comisting of oxide of iron united to siliceous and 
dhuninous earths. The slates containing embedded 
matters are called grauwackt-dalcs^ or, when of a less 
dity fracture, simply anAUWACKE, a substance which 
is-, abundant in this country* 

2076. The slate district of England is of con- 
siderable extent, and neither wants sublimity nor 
grandeur ; it follows the great primary chain which 1 
before alluded to, as running north and south upon the 
west side of. England ; in Cornwall the slate is seen 
immediately incumbent upon granite, and the slaty disr 
tricts form very beautiful scenery upon many parts of 
-the coast. The term kiUM has been applied to it by 
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the miners. Nothing, I think, can exceed the acenery 
about Looe, Fowey, and the country between it and 
Fahnouth, and upon the north coast Tintagell is yet 
more remarkable. 

There is some grauwacke In many parts of Cornwall. 
The best marked specimens I have seen, are from Maw- 
nan, near Falmouth, where it alternates with clay siste. 
2077. The slate district of Wales is of singular 
interest and magnificence, as those will acknowledge 
who have visited the chain of mountains, including 
Snowdon, Plynlimmon, and Cadcr Idris. These moun- 
tains attain an elevation of between 3000 and 4O00 feet, 
tlieir summits are jagged and irregular, their declivities 
steep and barren, and the neighbouring passes and val' 
leys have all the peculiarities that slute confers ; among 
them, the Dell of Aberglaslyn, viewed from the bridge 
which unites Merionethshire to the county of Caeniar- 
von, presents a grand and awful feature. The rocks 
are lofty, lonesome, and black ; their sides exhibit ter- 
rific ami inaccessible precipices ; or where the slopes 
are more gentle, they are covered witli the sharp angu- 
lar fragments, which time and the elements have dis- 
lodged from above. The wood-cut at the head of this 
Section shows the character of the clay-slate upon the 
coast of North Wales. 

Advancing northwards, the mountain chain is broken 
by the lowlands of Lancashire; hut in Westmoreland 
and Cumberland slate again presents itself, plentifully 
accompanied by grauwacke, which contributeft to the 
enchanting scenery of tlie lakes. As black peaks ind 
precipices strewed witli slippery and cutting fragments 
mark the mountains of common slate, so hare the gnu- 
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wacke rocks peculiarities by which they are recog- 
nised, a?i(l which are no where more evident than in 
the rounded summits that embosom Derwentwater, 
as represented in the annexed cut. In their forms. 




tints, and outlines, there is something indescribably 
delightful, and they present that rare union of the 
miblime and beautiful, of which no better idea can 
be formed, than that suggested by Mr. Burke's 
comparison : " Sublime objects are vast in their di- 
mensions ; beautiful ones comparatively small : beauty 
should be smootJi and polished ; the great, nigged and 
negligent ; beauty should shun the right line, yet de- 
viate from it insensibly ; the great, in many cases loves 
the right line, and when it deviates, it often makes a 
strong deviation ; beauty should not he obscure ; the 
great ought to be dark and gloomy ; beauty should be 
light and delicate ; the great ought to be solid and even 
massive." These qualities of that which is sublime. 
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well apply to the rocks 1 have before described, and, 
when blended with the parallel definition of the beau- 
tifiiU furnish a just notion of the aspect of those now 
under consideration. 

2078. The varieties of mountain limestone 
(the transition limestones of the Wemerians) are 
the substances that next occur. They are frequently 
seen immediately incumbent upon clay-slate, and are 
further distinguished from primitive limestone, or sta- 
tuary marble, by having a less decidedly crystalline 
texture. Where this rock lies directly upon slate, it 
contains few organic remains ; but where red sandstone 
is interposed between it and the slate-rocks, or in pro- 
portion as it is distant from the primary and slate-rocki, 
the relics of organization become more frequent It 
then abounds (in remains of corals and zoophytes, which 
now are not known to exist. It often is traversed hf 
veins of calcareous spar, and presents a great variety 
of colours. It is abundant in Devonshire, South 
Wales, Derbyshire, and Yorkshire. At Plymouth this 
rock is seen immediately incumbent upon slate, in a 
quarry between the Dock and the Town. Its colours 
are red and grey, streaked with white crystalline veins. 
It is also seen to great perfection in the Breakwater 
quarries at Oreston. 

2079. Slate districts often present very curious 
inflexions and incurvations of their strata. The slate 
at Plymouth, and the grauwacke of Clovelly in the 
north of Devon, and the killas upon the coast of Corn- 
wall near Charlestown, are in many places very sin- 
gularly contorted; and sometimes small undulations 
present themselves in the lamiiue, exactly resembling 
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those left by the ebbing tide upon a gently reclining 
sand-bank. These appearances may, perhaps, be re- 
ferred to the action of water upon the materials before 
they were consolidated. 

2080. Limestone strata are also very remarkable for 
the inflexions and curvatures, referred, not very satisfac- 
torily, by Dr. Hutton to their having been in a soft state at 
the time they were disturbed from their horizontal posi- 
tion. There are some very curious instances of these cur- 
yatiires noticed by Saussure ; one, in particular, on the 
road from Geneva to Chamouny , where the small stream 
of Nant D'Arpenay forms a cascade by falling over a 
perpendicular surface of limestone rock ; the strata are 
bent into regular arches, witii the concavity to the left; 
while in another neighbouring mountain they turn to 
the right ; so that a vertical section of the two would 
present the figure of S. The top of Benlawers in 
Perthshire, and the coast of Berwickshire, with many 
other districts in Scotland, present instances of these 
singolar contortions. Dr. Hutton has given a plate of 
tile bent strata in Berwickshire, from a drawing made 
by Sir James Hall. T cannot here follow Dr. Hutton 
and his sagacious commentator through their arguments 
foonded upon these phenomena, they attempt to prove 
that the undulated strata have received their peculiarities 
upon level ground ; that they have then been elevated, 
hardened, and often bent and contorted during these pro- 
cesses ; and that their irregularities as to position, and 
their fractures and dislocations have thus occurred, and 
do not result, as the opposite school would have it, 
from the falling in of caverns, — a position which they 
assume as at once accounting for such appearances. 
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and for the retreat of the ocean. Hutton considers the 
land to have been raised, Werner supposes the waters 
to have retreated. 

2081. The aspect of a country of mountain lime- 
stone IS peculiar, and generally extremely picturesque. 
The hills^ which, in this country at least, are not very 
lofty, abound in precipices, caverns, and chasms ; and, 
when upon the coast, form small promontories^ and jut 
out in low but grotesque pillars. The even surfaces 
are covered with a stinted turf, but the rifts and cracks 
contain often a soft rich soil in which stately timber 
trees flourish. The chasms of limestone rocks are 
often filled with a fine clay, which has, perhaps, soDp- 
times been derived from the decomposition of sbfjjf 
strata, or sometimes deposited from other cause* isr j||p 
fissures, and the singularities of aspect, and nmt^^i^ 
the beauty of this rock, is referable to these pMAlIf 
ties. Thus, upon the banks of the Wye, luflff^li^ 
luxuriant trees grace the abrupt precipices, andjjll 
forth from what appears a solid rock. Tlieir rootoi^ 
firmly attached in some crevice filled with a favpaqpyi 
soil. Sometimes rivers force their way throqgligi|a 
chasms ; at other times they are empty, and tfa^ nNjife 
ornamented by nature's hand with stalactitical coneie- 
tions of white and glistening spar, which seem like the 
fretted sculpture of Gothic architecture. 

The views of Dovedale, and of Matlock and its 
vicinity ; and the caves of Castleton, are admirably 
illustrative of the scenery of mountain limestone. 
Pont-Neath Vaughn, in Glamorganshire, is fuU of its 
beauties; and the panorama of Swansea Bay, seen 
from the Mumbles Point, furnislies a pleasing, cb«- 
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racterjstic, and perhaps unrivailed, prospect of these 
rocks. 

The banks of the Avon too, in the vicinity of Chep- 
stow, are of mountain limestone. The rock is there 
impregnated with bitumen, and hence exhales a pecuHar 
and fetid odour when submitted to the blows of the 
axe or hammer. This is by no means uncommonly the 
case where the limestone rock, as in the present instance, 
is in the vicinity of coal. The following sketch may 
serve to give some idea of the appearance of the moun- 
tain limestone of Dovedale, in Derbyshire. 




2082. Mountain lime-stone is an excellent material 
for building, and many of its varieties are sufficiently 
indurated to receive a good polish, and are thus em- 
ployed for ornamental purposes, being cut into vases, 
chimney-pieces, and the like. Where they abound in 
corals, and other organic remains, these frequently add 
to their beauty. 
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The colours of transition limestone are various, but 
its essential constituent part is always carbonate of 
lime. The black variety known under the name of 
Ldicullite^^ or black marble, has long been admired, 
and is often tastefully manufactured and ornamented by 
etching upon its surface. It is found in Derbyshire, 
Sutherlandshire, and Galloway, and appears to derive 
its colour from carbonaceous matter. 

All these limestones are converted into a more or 
less pure qidck lime by the operation of a red heat, 
and are thus often valuable as affording manures, and 
for other purposes. 

2083. The next rock that occurs in point of suc- 
cession, is RED sAfiDSTosE. It oftcu rests upon slate, 
and then, from its position has acquired the term of M 
red sandstone. But a similar substance, or nearly so, 
also is found lying upon mountain limestone, in wUdi 
case it has been called red marl, or neto red sandHam. 

Entering upon this substance, we come upon dii- 
tinctly stratified ground ; it is very abundant in En^and, 
especially in Lancashire, Cheshire, Staffordshire, Sbrap- 
shire, and Worcestershire ; and independent of iti^ 
bowelled treasures, for it is connected with eotf%|d 
rock salt, its surface is generally favourable to ' 'tvgii^ 
tion, and its soil sufficiently luxuriant. It consists prin- 
cipally of siliceous particles, and oxidie' of tfoik^'wifii 
some argillaceous earth, and more or less cnkHitMB 
matter. Its beds are often of great thickness, as mtj 
be seen in the quarries ; it is much used as a buildilig 

* A name ^ven to the marble in consequence of the admiratioa 
bestowed upon it by Lucius Lucullus. Vide Plinii Hist. Nat* 
36. 8. 
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stone, but moulders in consequence of tlie action of air 
and moisture upon tlie oxide of iron. It often con- 
tains particles of mica, and fragments and pebbles of 
old rocks. 

, . 208-t. Red sandstone rocks arc seen in some parts 
tof Britain in great beauty and perfection, especially 
Rphere they occur on the coast, or are intersected hy 
rivers. At Ilfracomb, the old red sandstone of the 
Somersetshire coast is seen lying upon siate; and the 
junction is interesting to the geologist, the sandstone be- 
coming somewhat slaty, and the slate having a tendency 
to a granular fracture. The following sketch of Haw- 
lornden, near Edinburgh, shows the characteristic fea- 
'es of the red marl rock, or newer red sandstone; and 
'the ancient castle, with its dungeons and vaults, is con- 
structed of this material. Ridges of red sandstone. 
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upon the banks of Loch-Beauly, near Inwnwss ; a 
high range of granite is there bordered by a brecciat 
very like that of the bed of the Fyers ; and a low ridge 
of red sandstone, of which the valley is also composed, 
accompanies the series, and seems the detritus of the 
more ancient and lofty formations. 

2085. The slates, grauwackes, and limestones, are in 
this comitry the principal seats of the metallic ores; and 
theyform scenerywhich, gradually decreasing in grandeur 
and sublimity, increases in softness, variety, and luxu- 
riance. In the lowest sandstone formation, we meet 
with a variety of bodies of the utmost importance in 
our arts and manufactures. 

2086. A substance which occurs in abundance in 
many parts of the red strata, is gt/pstim or sulphate o/" 
limct known also under the name of plaster-stone, sek- 
nile, and alabaster. Near Tutbury in Staffordshire, 
and near Nottingham, it is found in blocks and veins; 
and lately a variety, new in England, has been found, 
called Anhi/dritc. These minerals constitute valuable 
materials for the ornamental manufactures of Derby- 
shire. 

20S7. In the county of Cheshire the red sandstone 
contains immense beds oi common salt, most abundant 
in the valley of the Weaver, and near Middlcwich, 
Northwieb, and Nantwich ; it is accompanied by gyp- 
sum. The first stratum was discovered about 150 yean 
ago, in searching for coal. It begins about 30 yards ' 
from the surface, and is 25 yards thick; below this, 
and separated from it by 10 or 12 yards of indurated 
clay, is another bed of salt, the extent of which is un- 
known ; in many places it is nearly pure, in other* 
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tinged with oxide of iron and clay. This pit is at 
Nortfawicb ; and at other places there are very abun- 
dant brine springs. A most remarkable circumstance 
in the Northwich mine is the arrangement of the salt, 
giving rise to an appearance somethuig like a mosaic 
roof and pavement^ where it has been horizontally cut. 
The salt is compact, but it is arranged in rounded masses, 
five or six feet in diameter, not truly spherical, but each 
compressed by those that surround it, so as to have 
the 4Ape of an irregular polyedron. The Wernerians 
regard the salt as having merely crystallized here from 
its aqueous solutions ; the Huttpnians consider the water 
to have been evaporated by heat. The large pit at 
Northwich preseptp a very singular spectacle when duly 
ilhmiinated ; it is a circle of nearly two miles in cir* 
enmference, the roof is supported by massive pillars of 
salty and the eflfect is heightened by the variety of colours 
it presents*. 

2088t Coal is the most important product of these 
middle strata. What is called a coal field, or district^ 
or sometinies a coal Inum, may be regarded as a con- 
eavityt varying greatly in extent, from a few to many 
miles, and containing numerous strata or seams of coal 
of very various thickness, alternating with sandstone, 
clays^ and soft slate or s/uUc conti^ning impressions of 
vegetables and sometimes the remains of fresh water 
abell-fish. The parallelism of these strata is generally 
well preserved. The whole arrangement is seldom any 
where quite horizontal, and never vertical, but almost 



^ See A Sketch of the Naittral Hi^ory of the CheMrt 
DiMtrid. By Henry Holland, Esq — OeoL 7V«Mi» i. 38. 
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always more or less inclined. Beneaili each stratum of 
coal, there is often one of soft clay, or clunch, which 
rarely contains the organic remains of the overljring 
shale : and although the alternating strata of coal be 
very numerous, it is seldom that more than three or four 
will afford profitable occupation to the miner. Hk 
upper seam is commonly broken and impure, and few 
beds, less than two or tliree feet in thickn^s, are fol- 
lowed down to any considerable depth. The depth of 
the mines will of course greatly vary, according to the 
inclination of the strata, the time they have been worked, 
and other circumstances. Our deepest mines are in the 
counties of Durham and Northumberland, and the 
thickest beds are found in Staffordshire. The most pro- 
ductive vary from six to nine feet. 

2089. There are several varieties of coal, but, as 
far as their economical applications are concerned^ they 
may principally be reduced to two. The coals of I^uh 
cashire, Scotland, and most of those raised upon the 
west of England, burn quickly and brilliantly into a 
light ash : while the coal of Northumberland and Dor- 
ham, becomes soft and puffy, spouts out bright jets of 
flame, requires poking to continue in combustion, and 
produces bulky cinders, which, if urged ill a violent fire, 
or mixed with fresh coals, run into slags and clinken. 

2090. Though coal is chiefly found in the geologi- 
cal position I have mentioned, constituting the indepen- 
dent coal formation of Werner, it is likewise found in 
other situations, amongst newer rocks, and sparingly in 
alluvial soils. But in this country, the main coal for- 
mations are marked by their position ; their contiguity 
to limestone and often to slate ; by micaceous grits and 
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sandfltones ; and, above all, by shale- with vegetable im* 
prearioiis, decomposing into tenacious blue clay. 

2091. The greater number of geologists are now 
nnanimous as to the vegetable origin of coal ; and, 
indeed, its composition, the abundance of vegetable bo- 
dies with which it is often associated, and the gradual 
transitions of wood into coal, discoverable in many parts 
of the world, may be considered as satisfactory evidence 
npondiis subject : but how it has been formed, is another 
and more intricate question. 

Dr. Hutton considered coal strata to have been pro- 
duced by the operation of subterranean heat, in the 
manner already described, acting upon vegetable bodies 
and charcoal under exceeding pressure, which prevented 
the usual phenomena of combustion, and hindered the 
escape of the inflammable part. Sometimes, he observes, 
more* or less bitumen has been driven off, for we find it 
ID other strata. 

By Mr. Williams, antediluvian timber and {leat bog 
are regarded as the source of our present coal ; and a 
▼ariety of curious circumstances, which the minute his- 
tory of coal fields presents, have been adduced as fa- 
vourable to his conclusions. 

2092. The coal miner is often seriously interrupted 
in his proceedings, by large fissures or breaks in the 
strata, and by veins of a hard black rock, which cut 
through the coal, sometimes merely dividing it, at 
others throwing it out of its former position. It is in 
die neighbourhood of these dykes and troubles^ as they 
are called by the miners, that immense quantities of 
carburetted hydrogen gas are frequenUy evolved, thoo^ 
the coals themselves, and the cavitiea ia the strata, also 
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yield it; it constitutes tiie fire-damp of the mines ; and 
when it has any where collected so as to constitute 
more than -^ of the volume of atmosphere, it becomei 
explosive whenever a flame is presented to it, and tts 
source of such dreadful destruction, that the nund recoib 
from the recital. Formerly the miners, in these dangerooi 
situations, availed themselves of the light obtained by 
the collision of flint and steel, which, however-^ waS' by 
no means free from danger, and has been completdj 
superseded by Sir Humphry Davy's safety lamp. 

2093. Another substance which very often attends 
coal formations, is (irgUlaceous iranstofie^ both in layen 
and nodules ; and although a poor ore of iron, very sd- 
dom yielding more than SO per cent. o( metal, it becomei, 
from its association with coal and limestone (substances 
required for its reduction), a most important nabinl 
product ; it is the main source, of the enorn^ooft qaaati* 
ties of iron manufactured in this country ; and the his- 
tory of the various difficulties which have been sur- 
mounted in completing the processes of its reduction, 
presents an unrivalled picture of skill, ingenuity, and 
perseverance (725). 

2094. Leaving the districts of red sandstone and 
red marl, we observe a change in the general aspect of 
the country. There are no steep or abrupt precipices ; 
the hills assume a more picturesque and luxuriant cha- 
racter, and the rugged features of primary country, are 
here softened down into gentle slopes and verdant plains. 

The rocks which now occur are chiefly varieties of 
limestone and sandstone, particularly prolific in organic 
remains ; among tliem we discern a number of species of 
which no living semblance is now in existence. 
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Corals, zoophytes, ammonites, belemnites, nautili, 
and a variety of other fossil remains, are found in the 
ARoiLLACEOUs LIMESTONES, which succoed in position to 
the red sandstone, and which are often called wUtc and 
ibie Has limestone. The coast of Dorsetshire, between 
Weymouth and Lijme, presents a very interesting sec- 
tion of these strata ; and their continuation through the 
country is well entitled to the notice of the geologist. 
They decompose into marl, and furnish an ingredient in 
the best water-cements. Sometimes they are of a pe- 
culiar yellow colour, and contain magnesia, when tha 
Cossil remains are less frequent. 

2095. These strata are succeeded by a species of 
stone, often called Bath-stone, from its abundant occur- 
rence in the vicinity of that city, and freestone, or 
OOLITE, of which Portland-stone is a notorious variety. 
There then commonly occur various sandstones, with 
veins of chert and oxide of iron ; and, lastly, we arrive 
a^ CHALK, and superincumbent alluvial matter. 

2096, The examination of the fossil remains in 
4iese strata, leads to conclusions of much interest and 
importance. In the strata upon the coast of Dorset* 
shire, below the chalk, we fiod the remains of an animal, 
If bich has generally been regarded as a crocodile, or 
alligator^, but there are no fossil relics of mammiferous 
land animals, either here, or in the chalk itself ; whence 
it has been concluded, that oviparous quadrupeds are of 
more ancient date than those of the viviparous class, and 

* Sir Everard Home, in examining the fossil bones of this ani* 
roal, bas thrown considerable doubt upon the above conclusion^; 
and, from a peculiarity in the structure of its spine, resembling that 
of thepro/ctts, has called it-pro/eorrAacAucs. 
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that dry land and fresh water existed before the forma- 
tion of our present chalk. In the vicinity of Paris die 
chalk is covered by a coarse shell limestone, in whidi 
the bones of mammiferous sea animals have been foand by 
Cuvier ; but no bones of mammif(^rous land quadrupeds 
occur, till we reach the more recent and superincumbent 
strata. 

2097. The chalk presents tlie geologist with much 
matter of speculation. In England it is a very abundant 
formation, and the round-backed hills covered with ver- 
dure which mark the eastern coimties, are very dit- 
racteristic of it. Salisbury . Plain and Marlboroo^ 
Downs form a centre, whence the chalk emanates, in 
a north-eastern direction, through the counties of Buck* 
ingham, Bedford, and Cambridge, and terminates on the 
Norfolk coast. In an easterly direction it traverses 
Hampshire, Surry, and Kent, and terminates at Dover ; 
and another arm passing through Sussex, east south- 
east, forms the South Downs, and the lofty promontory 
of Beachy Head. Parallel ridges of sandstone generally 
accompany the chalk, and in Wiltshire, Berkshire, and 
some other counties, large blocks of granular siliceous 
sandstone lie scattered upon its surface ; of these the 
celebrated druidical relics, called Stonehenge, appear 
to have been constructed, with the exception^of one of 
the blocks, which is of greenstone. The lower beds of 
chalk are generally argillaceous, or marly„ and contain 
no flints, and few organic remains. The upper beds 
abound in fossil relics, of the kinds before alluded to, 
and in flints sometimes regularly arranged in distinct 
nodules, at other times remarkably intersecting the chalk 
in thin seams. The formation of flint has been "w H* 
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speculated upon, but na plausible theory has yet been 
adduced in regard to it. 

2098. In the south of England the dialk is covered 
with gravel and clay, the history of which is extremely 
curious, on account of the fossils which they contain, 
and the evidence they afford of repeated inundations of 
salt and fresh water upon the same spot. There are two 
celebrated concavities filled with such materials, which 
have. been called the London and the Isle of Wight 
Basins. The former is bounded by the chalk-hills pro- 
ceeding from Wiltshire to. the south of the Kentish coast, 
in' one direction, and to the northern point of the Nor- 
folk coast in another ; and it is open to the ocean upon 
the Essex, Suffolk, and Norfolk coasts, which show sec- 
tions, of its contents. 

The. numerous wells which have been dug in the 
neighbourhood of London, and the canals, tunnels, and 
adier excavations and public works which have been 
carried on, have lately made us acquainted with many 
curious facts respecting the contents of this basin. 

It deserves remark, that all the bones of viviparous 
land quadrupeds have either been found in the upper- 
most fresh water deposits, or in those alluvial forma- 
tions of the ocean, which appear to have been the result 
of violent transportations of materials, rather than of 
quiet depositions ; so that it is probable these animals 
began to exist during that state of the world which pre- 
ceded the last inundation of the sea. 

The pcUwotheria, anaplotheriay and other unknown 
genera described by Cuvier, are found in the lowest 
parts of the upper fresh-water formation, placed imme- 
diatdy under the upper marine formation. Some ovi- 
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parous quadrupeds and fresh-water fish are found along 
witli them, and they are covered by alliivial deposits, 
containing marine reljcs. 

The unknown or extinct species belonging to known 
genera, such as the mastodon, elephant, hippopotantu$,mkA 
rhinoceros J are never associated with the more ancient 
or extinct genera, but are discovered usually in the sea- 
water deposits; and the bones of species resembfang 
those that now exist, are found upon the sides of riven, 
or in the bottoms of ancient lakes and marshes^ or in 
])eat-bogs, or in caverns and fissures of rocks ; and, in 
consequence of their superficial situation, (faey are gene- 
rally much injured. 

2099. Of a very singular and important series of 
rocks, I have yet made no mention. . They occur indis- 
criminately in primary and secondary countries, and are 
not less. varied in their characters and aspects, than in 
their situation. These are the trap-rocks of tiie Wer- 
nerians, and the whinstones of Dr. Hutton. ^ They 
include the rocks called greenstone, basalt, AMYoaa- 
LoiD, and TOADSTONE, and are distinguished into. pri- 
mary, transition, and iloetz traps, by the school of Kraf ^ 
burgh. 

By the term greeiistone, we mean a compoimd^af 
hornblende and feldspar, differing extremely in iti ap- 
pearance, being sometimes so fine grained as to gpp&u 
homogeneous ; at other times presenting distinct, aad 
often large, crystals of hornblende. Basalt is alwayi a 
homogeneous rock, and abounds in black oxide of froD. 
Its cavities arc often filled with calcareous spar, zeolite, 
and agate nodules. 

Greenstone is met with in many parts of England 
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icdiiitcly upon granite and primary rocks ; and it 
mmes tlie character of its neighbours, breaking into 
large blocks and masses of very irregular appearance. 
In this state it is seen in Cornwall, at the Lizard-Point, 
Upon the north side of the Welsh mountains, a chain 
greenstone follows the slate, which, in some places, 
columnar, as upon Cader Idris, and it forms a singular 
concavity near the summit of that mountain, very like 
the crater of a volcano, in Derbyshire these rocks are 
among the transition series of Werner. They form 
strata, and fill cavities in the limestone. In coal-fields 
they constitute dykes, or veins ; and, among the newest 
and secondary strata, they are seen in sandstone at 
Edinburgh, and upon the coast of Antrim they are in- 
cumbent upon, and alternate with, chalk. The annexed 
wood-cut, taken from a sketch by Dr, Mac Culloch, en- 
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Bridge, in Glentilt, in Scotland, of the schistose strata 
by the black mass, of hornblende rock, which also con- 
tains an embedded mass of marble. 

3000. The common observer, to whom a piece of 
basalt is presented, would presently announce it to be 
the produce of a volcano, and the analogy between it 
and lava is most striking. This alone would justtiy us 
in concluding, Uiat whinstone is the produce of fire. 
But the Huttonian hypothesis, as applied to its origin, 
becomes much more satisfactory, when we contemplate 
the effects produced upon the strata into which it has 
been thrown, or upon the substances in its vicinity. 
Thus the sandstone of Salisbury Craigs, near Edin- 
burgh, is broken, indurated, and even apparently fused 
by its irruption. The soft white limestone of the couniy 
of Antrim, where in contact with the basaltic dyke, is 
hardened and rendered crystalline, like marble and cal- 
careous spar ; and the coal in the saQie county is coaked, 
as it were, where touched by the whinstone. At the 
same time, the dykes themselves bear evident marks of 
igneous fusion. They are more regularly crystallized 
in the centre than upon the surface, an effect which may 
be well referred to the different rates of cooling, in the 
melted mass, and which may even be imitated artifi- 
cially with the slag of an iron furnace. 

Perhaps the most remarkable phsenomenon concerning 
basalt, is its occasional columnar structure, an appear- 
ance which lava sometimes assumes. Upon this subject 
Sir James Hall's experiments are of extreme intereit; 
and, when conjoined with those of Mr. Watt, produce 
a further, and, indeed, almost irresistible evidence in 
favour of the igneous origin of basalt. 
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3001. In accounting for the humid origin of ba- 
it, the Neptnnists refer to the columnar cracking of 

clay, mud, starch, ^c, during drying ; and in this they 
fancy an analogy to basaltic columns ; but, in these 
cases, there are always chasms and vacuities produced 
by the shrinking of the mass ; whereas the columns of 
basalt are so closely connected, that the tliin blade of a 
ife can scarcely be thrust between tfiem. Upon the 
lole, the Huttonian theory may be considered as no 
where more free from objections, than where it applies 
to basalt; while the hardening, contortions, and break- 
ing of the strata by whin dykes, and the numerous ana- 
logies of basalt and lava, are to the Neptuniana para- 
doxes which admit of no solution. 

3002. Of columnar basalt, tlie British dominions 
present the noblest specimens in the known world. Upon 
the coast of Antrim, in Ireland, massive and columnar 
basalt is seen in all its varieties, the former abounding 
in deep and lofty caverns, the latter presenting various 




302 G I ant's causeway., 

facades to tlie ocean. The Giant's Causeway, a small 
part of which, with the neighboaring coast, is shown in 
the above wood-cut, consists of three piers of colunini, 
which extend some hupdred feet into the sea. It if 
surrounded by precipitous rocks, from two hundred to 
four hundred feet high, in which there are several 
striking assemblages of columns, some vertical, Bome 
bent or inclined, and some horizontal, and, as it were, 
driven into the rock. Bengore, which bounds the 
Causeway on the east, consista of alternate ranges of 
tabular and massive, witli columnar basalt But amongst 
the various and grand objects on this coast, Pleskin is 
perhaps the most striking ; it presents several colonnades 
of great height and regularity, separated from eadi 
other by tabular basalt.; and at Fairhead there is a 
range of columns of from 10 to 20 feet in diameter, and 
between 200 and 300 feet high, supported upon a steep 
declivity, and forming a terrace which towers nearly 
600 feet above the waves beneath. He who would 
really see the sublime should visit this stupendous pro- 
montory. 

Another basaltic district, which I am inclined to re- 
gard as exceeding the former in magnificent peculiari- 
ties, is that which presents itself in sailing down Loch- 
Nagaul, in Mull, towards tlie Isle of Tiree. The coast 
of Mull, upon the right and left, exhibits the step-like 
appearance of basaltic rocks in great perfection, and has 
fine caverns and columns ; the islands of Ulva and Ge- 
metra rise with the abrupt and irregular precipices 
common to this formation. The Treshamish Isles exhibit 
columnar and massive basalt, and in the midst of this 
curious panorama, StaflTa presents itself. The columns. 
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which are from 30 to 50 feet high*, are approached 
hj a fine causeway, rising gradually from the deep, and 
they appear to support an immense weight of tabular 
basalt The pillars are perpendicular, inclined, and in 
places extremely cunred ; and in the Cave of Fingal the 
ranges of columns extend in long perspective into the 
intmor of the rock, presenting a scene of such unri- 
▼aUed grandeur, as hitherto to have foiled all attempts 
of the poet to describe, or of the painter to represent. 
Tlie wood-cut at the head of tlie next Section, copied 
from Dr. Mac CuIIoch*s sketch, represents the Cause^ 
way and entrance of the Cave. 

* See Dr. Mac Culloch's DescriptiTn of the Western Islands of 
Scotland. Vel.ii.p. 1. 
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Section IV. Of Metallic Veins.^Of lite General 
Cavics of the Decompositionof Rocks.— Of Volcmoa: 
andoflheAmli/sis of Soils. , 

3003. Besides tlic veins of lapidcoiis substaiKC*. 
the fissures filled with debris and rubbish, the dykes, (iie 
beds of salt, and the fields of coal, there are difTuscd 
through the strata a variety of otlier treasures, amon^ 
which the metals arc of the utmost interest and import- 
ance. By the term Mineral Vein, v/e mean a separa- 
tion ill the continuity of a rock of determinate widtii. 
bnt extending indefinitely in length and dcptii, fillcJ 
■with metalhc ores, and crystalline substances, differing 
'rom the rock itself. 

Nearly all rocks are occasionally thus traversed, but 
the middle series arc those in wliich metals are most 
nbundant. In Cornwall, for instance, tin occurs botli 
in the granite and slate ; but it is most abundant in the 



METALLIC VEINS. 305 

latter, and the vein occasionally runs between the two 
rocks, 80 that one wall consists of granite, and the other 
of slate* The metal is often separated from the rock 
by thin layers of clay» or of stony materials, called 
Dttuif, which also intermix with the ore, and form its 
gaitgue, or matrix. 

' SOOi*. The richest metallic veins run, without ex* 
eqption, east and west. Those which run north and 
MUlii being usually filled with stony materials. The 
latter veins appear of posterior date to the former, for 
tbej often intersect them, throwing tliem out of their 
regular course ; generally a few inches only east and 
west, but many fathoms north and south. These cross 
courses often interfere with the treasures of the metallic 
vein, though, when solid, they are sometimes of great 
service in keeping out water. 

3005. The extent to which veins may be pursued, 
is extremely various, and depends much upon accidental 
circumstances. Sometimes a cross course cuts the vein, 
and puts an end to the miner's hopes, he being unable to 
discover its continuation after such interruption ; some- 
times the depth of the vein becomes so great, that it 
cannot be prudently pursued ; sometimes a rich Jode of 
metal suddenly disappears, or vanishes into thin strings, 
which, though often quite lost, occasionally reunite into a 
good vein, or bunch of metal. So that, taking all these 
circumstances into account, between two or three miles 
is usually the utmost extent to which a vein has been 
parsued*. 

* See a valuable paper on the Veins of ComwcUly by Mr. W. 
Phillips. Geol. Trans. Vol. ii., and also annexed to his Selection 
ofFocH, 

VOL. III. X 
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3006. Veins vary in width, from an inch or tiro, 
to 30 or 40 feet, but the middle-sized veins are uaiitUy 
most prolific, the larger becoming relatively poor. 
The influx of water was formerly an insuperable impe- 
diment to the pursuit of a vein, and remains nnw a 
serious and expensive obstacle to mining. Fonneriy 
many veins in Cornwall were only worked for ttn, 
which, at greater depths, have lately yielded abundance 
of copper ; but in Cornwall copper is never found with- 
out water, and all the mines of that metal require 
drainage by engines, or other means. 

8007. Concerning the original formation of metel- 
lic veins, there has been considerable collision of senti- 
ment among geologists ; but two circumstances seen 
sufficiently obvious ; one, that they are of later date than 
the containing strata, that, they are not contemponme- 
ous ; and the other, that their contents have been in a 
fluid state. The former position is indicated by their 
intersecting different strata ; the latter, by the crystal- 
line forms of the substances they contain. The Nepta- 
nians tell us that veins have been filled by metallic and 
lapideous solutions flowing in from above, but they do 
not inform us of the nature of the solvent which held the 
different bodies they present ; nor can we guess why 
its contents are deposited exclusively in the vein, and 
not found upon the adjacent surfece. 

3008. The Plutonists consider veins as filled from 
below, by the injection of matters in igneous fusion ; 
and in the shifting, breaking, and dislodgement of the 
strata, they read the force with which these operations 
have been performed. The validity of hypotheses is 
only to be estimated by tlieir accordance with fads ; 
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and although there be many inexplicable phasnomena 
attending metallic veins, yet the nature of their con- 
tents is such as to favour the igneous hypothesis, and 
to lead to the belief that fire, not water, has been the 
grand solvent of which nature has here availed herself. 
Tliat the metals hive passed from the fluid to the solid 
iCate, seems sufficiently obvious, from their crystalline 
form-; and it is much more probable that they should 
have been liquefied by heat than by any other solvent 

Sulphur is very commonly found united to metallic 
bodies, and the greater number of metallic ores contain 
dnt element. Such compounds are easily produced by 
tbe artificial agency of fire, but with great difficulty by 
any other process. 

9009. A very curious fact in the history of veins 
18, that they are of diffisrent dates, for one vein often 
iiitersects another, and we are thus enabled to judge 
of their relative ages. In the county of Cornwall, one 
of the richest mining districts of the world, we observe 
some remarkable circumstances of this kind. Where a 
copper and a tin veni, for instance, meet, the former 
always cuts through tbe latter, and generally throws it 
out of its old course, greatly to the distress of the miner, 
who sometimes cannot find its continuation, or at least 
is put to much difficulty and expense to do so. It ap- 
pears, therefore, that tin veins are invariably older than 
Aose of copper. Sometimes, as in Derbyshire, the 
metallic ores lie in large longitudinal cavities, called 
pq)e veins. 

3010. In searching for veins of the useful metals, 
tiiere are certain indications of which the experienced 
miner sometimes profitably avails himself. Thus, a 

xs 
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green earthy matter is a good STniptom in a tin mine; 
a brown ochrey earth, and compact iron pyrites, are 
regarded as favourable omens in a copper mine. 

Detached pebbles of ore, or fragments of vein-rtonei, 
have sometimes led to the riches of the vein, and tin hu 
especially been thus discovered in Cornwall. 

In older mineralogical works we read much upon tfaeio 
and other subjects. Flames of light have been described 
as playing ever a district which afterwards has been 
found to contain subterranean riches* and this may have 
arisen from the good electrical conducting powers of the 
vein. The waters issuing from the soil sometimes hold 
metallic salts in solution* and repositories of the metals 
have been discovered by circumstances of this kind. 
Copper veins tinge waters blue, and a piece of grease 
put into them becomes rapidly stained of that colour. 

Ther'C is no popular notion more common than that 
metals grow in the veins : an idea which may very pro* 
bably have originated from observing the depositions of 
one metal by the introduction of another into its solu- 
tion, as when silver is precipitated by the introduction 
of a plate of copper into its solution, or copper by 
iron. 

3011. Districts rich in the metals are generally 
barren, and seem peculiarly dreary and desolate to the 
traveller. This partly arises from the nature of the 
strata ; partly from the heaps of rubbish and hills of stone 
thrown upon the surface ; and partly from the operationi 
carrying on in the vicinity, being inimical to vegetation. 
The high road through Cornwall, especially near Red- 
ruth, is an excellent specimen of this kind of country; 
while, at the same time, the romantic beauty and luxn* 
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riant Yegefation of many parts of that county, and of 
Deyonshire, prove that exterior cultivation is not always 
incompatible with internal riches. The neighbourhood 
of the Parys Mountain, in Anglesea, is singularly 
marked by sterility and gloominess. The soil, naturally 
aiq>roductive, is rendered more so by the poisonous 
waters that traverse it, and the sulphurous vapours that 
float around. There are not only no shrubs and trees, 
but the barrenness is unrelieved even by a single blade 
of grass, or the rusty green of a hardy lichen. 

301S. I have hinted above at the relative perma- 
nence and durability of the different kinds of rocks, and 
it has been found that the unstratified, or primary, sub- 
stances, are least acted upon by the elements; that 
these have retained their great and pristine elevation, 
while the secondary strata have been washed from their 
tides and summits, whose rugged and abrupt outline 
records this devastation. Every one who views the 
mountain side strewed with immense blocks of materials 
transported from distant summits, and discovers the 
dells and valleys filled with fragments and pebbles of 
the nei^bouring rocks, will allow that a constant sys- 
tem of disintegration and decay is here carrying on ; 
but the geologist, not content with the mere observance 
of the fact, will endeavour to trace it to its source, and 
follow it up to its ultimate effect. 

3013. The change of temperature to which the 
earth's surface is constantly submitted, is one great cause 
of the slow destruction of its most solid and durable con* 
atituents ; and when to this is added the gigantic power 
with which water, in becoming ice, opposes the obstacles 
to its expansion, we have an agent nearly resistless. 
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The fissures that occur between the blocks woA masBes 
of the granites, porphyries, and similar rocks, become 
filled with water, which, in the act of freezing, expands 
so as slowly to remove them from each other ; thcsr 
edges and angles become thus open to the attacki of tiie 
weather, and by a slow dislodgement they fall into the val- 
leys or rivers, or are at once cast into the ocean. Where 
the materials are of a more yielding and frangible texture, 
this destruction is proportionally rapid, and the infiaence 
of the weather upon slate mountains, is often such as to 
produce hills of fragments at their feet :. the lofter sab- 
stance of the secondary and horizontal strata is, of 
course, yet more easily and quickly degraded, 

3014. Masses of rock, thus loosened firom tiieir 
original beds, become new and powerful instruments of 
destruction; they roll down the precipices, wearing 
themselves and the surface tliat bears them, and, if neir 
the sea, or carried thither by rivers, they become ** a 
part of the mighty artillery with which the ocean assails 
the bulwarks of the land ;" they are impelled agaimt 
the coasts, from which they break off other fragments ; 
and the whole thus ground against each other, whatever 
be their hardness, are reduced to gravel ; the smooth 
surface^ and rounded masses of which are convinciDg 
proofs of the manner in which it was formed. 

3015. It is by operations of this kind, not per- 
formed in a day, but in ages, that nature has indented 
and carved out the earth's surface ; that the rivers seem 
to have cut their own beds ; that the land is undergoing 
gradual demolition ; and that the materials which we 
have elsewhere considered as consolidated at, and ele- 
vated from, the bottom of the ocean, are gradually 
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reitoriiig to die parent deep. These are mechanical 
agents, but they are not unassisted by the chemical 
enei^es of matter ; and» in this respect, the solvent 
powers of water may be contemplated as effecting most 
important changes. — Kidd's Essay, p. 181. 

9016. By impregnation with carbonic acid, water 
acquires a great solvent power over carbonate of lime 
(642,) and in trickling through, such strata becomes 
saturated with it, and, on exposure, again deposits it, 
ia eomequence of the escape of the gaseous solvent ; it 
is tfans that the stalactitical concretions of limestone 
eanrems are produced, as in the Fluor Mine, and Peak 
Carem of Derbyshire ; and, in many cases, the once 
empty diasms are entirely choaked up by this sparry de- 
posit. The power of incrustation, thus possessed by some 
waters, is such as rapidly to cover extraneous bodies 
thrown into them with a calcareous coating, of which the 
petrifying spring of Matlock furnishes a good example. 

8017. The sands upon flat coasts are sometimes 
aggfaitinated by this action of water, so as to produce a 
aew rock ; or, as the Wemerians would call it, a new 
fOTraation. This has probably been the case with the 
stone in which the galibiy or human skeletons of Guada- 
loupe, are found (Phil. Trans. 1816), and the process 
is constantly going on upon the coast of Cornwall, in 
Ae parish of St. Columb, where the water, having per- 
colated the neighbouring rocks, becomes slightly carbo- 
aated and fernignious, and thus serving as a cement to 
die sand, produces a hard stone, which is used as a 
building material, and for making cattle-troughs. In 
flkeiivalls of some of the oldest churches in Cornwall, as 
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in St. Burian, Gwithian, Crantock, Cubert, ^c., tre 
large masses of this sandstone^ which has thus long re- 
sisted decomposition. When water is hot, and slightly 
alcaline, it dissolves siliceous earth, as shown by the de- 
posits of the Geysers, or Boiling Fountains of Iceland. 

3018. Some rocks suffer, in consequence of tiie 
action of air and water upon the black oxide of iron 
which they contain, and which, in passing into the state 
of brown oxide, occasions a crumbling of the : mass. 
Much of the soil upon the coast of the county of Antrim, 
in Ireland, is thus derived from the decompositimi ci 
basalt, which, however, in other cases, singularly resists 
change, as in Staffa, where the columns, though exposed 
to the violence of the ocean, retain a sharp angularity 
and black colour. These differences de|)end upon the 
degree of induration of the basalt. 

3019. Rocks containing alcali seem often to de- 
compose rapidly, in consequence of the loss of that 
ingredient. The quick disintegration of much of the 
Cornish granite is well known, and it furnishes a valu- 
able material for the manufacture of pottery. The 
feldspar of this granite contains a considerable portion 
of potassa, but the white earth into which it is resolved 
yields no traces of it. 

3020. The chemical agencies of different bodies 
presented to each other in the strata, are also often con- 
nected with the production of entire new substances. 
Thus the decomposition of pyrites in chalk produces 
sulphate of lime ; in aluminous slate it gives rise to the 
production of alum ; and in the cliffs at Newhaven, on 
the Sussex coast, a very curious series of changes is 
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goii^ on. . A stratum of marl, containing decomposing 
pyrites, lies upon the chalk, which gives rise to the 
formation of sulphate of alumina ; this is decomposed 
by the chalk ; and aluminous earth, selenite, and oxide 
of iron, are the results. 

3021. Thus, by mechanical operations and chemi- 
cal changes, sometimes separate and sometimes united, 
tiie rugged peaks and abrupt precipices are gradually 
wearing and softening down, and giving rise to rounded 
•nmmits, gentle slopes, and habitable surfaces! The 
detritus so produced is carried by rills, and brooks, and 
rivers, towards the low lands, where it is deposited ; 
or it is transported towards the sea, where it forms bars 
and islands at the mouths of rivers ; or it is employed 
in levelling uneven surfaces, and filling cavities and 
basins, as where the rivers are broken in their course 
by the intervention of lakes, all of which are filling up, 
as may be learned even by hasty inspection. This is no 
wbetfd more conspicuous than in the waters which adorn 
tile scenery of Westmoreland and Cumberland, especially 
Perwoit Water, at the Borrowdale extremity of which 
the meadow is annually increasing, and adding to. the 
circumjacent field ; and the examination of the bank 
between Derwent and Bassenthwaite, shows that the 
two lakes were once united, and that the present sepa« 
ration is alluvial matter, or a bar thrown up by the con- 
carrent streams of Newland's Water, on the west, and 
the Greta on the east. The filling up of lakes, until they 
ultimately become merely a part of the river that now 
traverses, but once fed.them, is too obvious to require 
farther illustration ; it is the reason why the stream, 
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which has its exit from a lake, is generally clear, while 
the torrents which supply it are loaded with matters in 
minute mechanical division. 

3023. While the destructive agencies of the ele- 
ments are thus called into action for the production 
and increase of habitable surface^ we observe other 
causes tending to the same effect, and none more won* 
derfol than the incessant labours of those insect tribes 
which collect and accumulate solid matter from the 
ocean, and form the rocks of coral common in the seM 
of warm climates. — Kidd's Essay, p. 219. 

3023. But the most striking sources of ddcay and 
reproduction, are those dependent upon voleanic phe- 
nomena. 

The form of volcanic hills is usually conical, bf which 
the outline of the Bay of Naples presmts a fine pano- 
rama. One of its hills serves to give sotne idea of the 
vast powers of the subterranean agents; it is about 
1000 feet high, and three miles in circumference, and 
was raised, in 1238, in a single night ^. 

3024>. In June 1811, a volcano was discovered 
in the sea off St. Michael, and it formed im island 
about a mile in circumference. — PkU. Trans.^ 1812. 

3025. To describe the phenomena of volcanic 
eruptions with all attending circumstances, would be 
foreign to our present purpose ; but as the same eausei 
may have been active in producing other geological 
ptmnomena, it becomes right to mention the subject 

Until lately, the cause of volcanic fire was referred 
to sulphur, coal, and other common inflammable mat- 

• See Sir Wm. Hamilton's Paper in the PhU. Trans, for 1771. 
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ten, which were supposed to be burning in immense 
masses within the earth, and thus to give rise to the 
tremendous explosions and ejections of lava and stones 
attending the eruption ; but the products ill accord 
with such an explanation. Earthy, alcaline, metallic, 
and stony bodies united, form the lava ; and srteam and 
hydrogen gas accompany its throwing forth ; and as 
the products of combustion always have a reference to 
Ibe combustible, such matters were not likely to be 
prodooed from sulphur or coal. 

The discoveries of Sir H. Davy have enlightened 
fluiy as well as every other branch of chemistry, and 
finom them we may deduce a very adequate solution of 
Hie problem of volcanoe8,^for we have only to suppose 
the access of water to large masses of those, peculiar 
metals which constitute the alcaline and earthy bases, 
mod we are possessed of all that is wanted to produce 
tiie tremendous effects of earthquakes and volcanoes ; 
for what power can resist the expansive force of steam, 
and the sudden evolution of gaseous ftuids;, accompanied 
by torrents of the earths in igneous fusion, which such 
a concurrence of circumstances would give rise to, and 
which are the actual concomitants of volcanic emptioni ? 

From the same source the Huttonian theory derivei 
great additional plausibility, for its feeble parts were 
those which relatied to the required expansive forces, to 
the intense continuance of heat, to its occasional io- 
Cfcasc and decrease, and to the existence of a species 
of fiiel adequate to the various effects that hove been 
described. The metals of the earths are equal to'tte 
production of all these complicated and apparently in- 
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compatible effects, and these and water are the sole 
agents required. 



3026. The principal circumstances that tend to 
the formation of soils, and to modify their composition, 
have' been adverted to in this. Chapter ; and, from the 
properties of their component parts, elsewhere detailed, 
the means of analyzing them are to be deduced ; but 
as this is a subject upon which the agriculturist may 
sometimes find it expedient to employ himself, I insert 
the following popular instructions upon it, from . Sir H. 
Davy's Elements of Agricultural Chemistry : 

^' In cases when the general nature of the soil of a 
field is to be ascertained, specimens of it should be 
taken . from different places, two or three inches below 
the surface, and examined as to the similarity of their 
properties. It sometimes happens, that upon plains tlie 
whole of the, upper stratum of the land is of the same 
kind, and, in this case, one analysis will be sufficient; 
but in valleys, and near the beds of rivers, there are 
very great differences ; and it now and then occurs tliat 
one part ov a field is calcareous, and another part sili- 
ceous; and in this case, and in analogous cases, the 
portions different from each other should be separately 
submitted to experiment. 

/^ Soils, when collected, if they cannot be inmie- 
diately examined, should, be preserved in phialsT quite 
filled with them, and closed with ground-glass stoppers. 

'' The quantity of soil most convenient for a perfect 
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analysis, is from 200 to 4«00 grains. It riiould be 
collected in dry weather, and exposed to the atmo- 
sphere till it becomes dry to the touch. 

** The specific gravity of a soil, or the relation of 
its wei^t to that of water, may be ascertained by in- 
troducing into a phial which will contain a known 
qaantity of water, equal volumes of water and of soil, 
and this may be easily^ done by pouring in water till it 
is half >full, and then adding the soil till the fluid rises 
to the mouth ; the difference between the weight of the 
soil and that of the water will give the result. Thus, 
if the bottle contains 4*00 grains of water, and gains 
200 grains when half fiUed with water and half with 
soih the specific gravity of the soil will be 2, that is, it 
will be twice as heavy as water ; and if it gained 165 
grains, its specific gravity would be 1.825, water being 
1.000. 

'* It is of importance that the specific gravity of a 
soil should be known, as it affords an indication of the 
quantity of animal and vegetable matter it contains; 
these substances being always most abundant in the 
lighter soils: 

'' The other physical properties of soils should like- 
wiie be exainined before tiie analjrsis is made, as they 
denote, to a certain extent, their composition, and serve 
as guides in directing the experiments. Thus, siliceous 
soils are generally rough to the touch, and scratch glass 
when rubbed upon it: ferruginous soils are of a red 
or yellow colour ; and calcareous soils are soft. 

^' 1 . Soils, though as dry as they can be made by con- 
tinued exposure to air, in all cases still contain a con- 
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siderable quantity of water^ which adheres witfi great ob- 
stinacy to the earths and animal and vegetable matter, 
and can only be (kiven off from them hy a considerable 
degree of heat. The first process of analysis is, to free 
the given weight of soil from as much of this water u 
possible, without, in other respects, affecting its com- 
position ; and this may be done by heating it for ten or 
twelve minutes over an Argand's lamp, in a basin of 
porcelain, to a temperature equal to 300 Fahrenheit; 
and if a thermometer is not used, the proper degree may 
be easily ascertained by keeping a piece of wood in con- 
tact with the bottom of the dish ; as long as the colour 
of the wood remains unaltered, the heat is not too big^; 
but when the wood begins to be charred, the process mbst 
be stopped. A small quantity of water will perhaps 
remain in the soil even after this operation, but it always 
affords useful comparative results ; and if a higher tem- 
perature were employed, the v^etkble or animal mat- 
ter would undergo decomposition, and, in consequence, 
the experiment be wholly unsatisfactory. 

** The loss of weight in the process should be care- 
fully noted, and when in 400 grains of soil it reaches 
as: high as 50, the soil may be considered as in the 
greatest degree absorbent, and retentive of water, and 
will generally be found to contain much vegetable or 
animal matter, or a large proportton of aluminous earth. 
When the loss is only from 20 to 10, the land may be 
considered as only slightly absorbent and rete^ye, and 
siliceous earth probably forms the greatest part of it 

" 2. None of tlie loose stones, gravel, or large 
vegetable fibres should be divided from the pure soil till 
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after the water is drawn off ; for these bodies are them- 
selves often highly absorbent and retentive, and, in oon- 
flequeDce, influence the fertility of the land. The next 
process, however, aft;er that of heating, should be their 
separation^ which may be easily accompUshed by the 
sieve, after the soil has been gently bruised in a mortar. 
The weights of the vegetable iFibres, or wood, and 
of the gravel and stones, should be separately noted 
down, and tlie nature of the last ascertained ; if cal- 
careous, they will effervesce with acids; if siliceous, 
they will be sufficiently hard to scratch glass ; and if of 
die common aluminous class of stones, they will be 
toft, easily cut with a knife, and incapable of offer- 
veflcing with acids. 

'* 3. The greater number of soils, besides gravel 
and stones, contain larger or smaller proportions of 
sand, of different degrees of fineness : and it is a ne- 
cessary operation, th^ . next in the process of analjnis, 
ta detach thwi from the parts in a state of more miiaite 
division, such as clay, loam, marl, vegetable and animal 
matter, and the matter soluble in water. This may be ef- 
fected in a way sufficiently accurate, by boiling the soil in 
three or four times its weight of water ; and when the 
texture of the soil is broken down, and the water cool, 
by agitating the parts together, and then suffering them 
to rest. In this case, the coarse sand will . generally 
separate in a minute, and the finer in two or three 
puDutes, whilst the highly-divided earthy, animal, or 
vegetable matter will remain in a state of mecham'cal 
suspension for a much longer time ; so that, by pouring 
the water from the bottom of the vessel, after one, 
two or three minutes, the sand will be principally 
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separated from the other Substances, which, with the 
water containing them, must be poured into a filter, 
and, ' after the water has passed through, collected, 
dried, and weighed. The sand must likewise be 
weighed, and the respective quantities noted down. 
The water of lixiviation must be preserved, as it will 
be found to contain the saline and soluble animal or 
vegetable matters, if any exist in the soil. 

*' 4. By the process of washing and filtration, the 
soil is separated into two portions, the most important 
of which is generally the finely-divided matter. A mi- 
nute analysis of the sand is seldom or never necessary, 
and its nature may be detected in the same manner ai 
that of the stones or gravel. It is always either sili- 
ceous sand, or calcareous sand, or a mixture of both. 
If it consist wholly of carbonate of lime, it will be 
rapidly soluble in muriatic acid, with efTenrescence ; 
but if it consist partly of this substance, and partly of 
siliceous matter, the respective quantities may be ascer- 
tained by weighing the residuum after the action of Ae 
acid, which must be applied till the mixture has acquired 
a sour taste, and has ceased to effervesce. This resi- 
duum is the siliceous part ; it must be washed, dried, 
and heated strongly in a crucible ; the difference l)e- 
tween the weight of it, and the weight of the whole, 
indicates the proportion of calcareous sand. 

" 5. The finely-divided matter of the soil is usually 
very compound in its nature; it sometimes contains 
all the four primitive earths of soils, as well as animal 
and vegetable matter ; and to ascertain the proportion 
of these with tolerable accuracy, is the most difSciilt 
part of the subject. 
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'' The first process to be performed, in this part of 
the analysis, is the exposure of the fine matter of the 
son to the action of muriatic acid. This substance 
dKNiId be poured upon the earthy matter in an eva- 
porating basin, in a quantity equal to twice the wei^t 
of the earthy matter ; but diluted with double its vo« 
lame of water. The mixture should be often stirred, 
and suffered to remain for an hour, or an hour and a 
half, before it is examined. 

'' If any carbonate of lime or of magnesia exist in 
tibe soil, they will have been dissolved in this time by 
the acid, which sometimes takes up likewise a little 
oxide of iron ; but very seldom any alumina. 

** The fluid should be passed through a filter ; the 
solid matter collected, washed with rain-water, dried 
at a moderate heat, and weighed. Its loss will denote 
the quantity of solid matter taken up. The washings 
must be added to the solution, which, if not sour to 
the taste, must be made so by the addition of fredi 
acid, when a little solution of prussiate of potassa and 
iron must be mixed with the whole. If a blue pre- 
cipitate occurs, it denotes the presence of oxide of 
iron, and the solution of the prussiate must be dropped 
in till no farther effect is produced. To ascertain its 
quantity, it must be collected in the same manner as 
ottier solid precipitates, and heated red ; the result is 
oxide of iron, which may be mixed wilh a little oxide 
of manganese. 

- ** Into the fluid freed from oxide of iron, a solution 
dT neutralized carbonate of potash must be poured till 
all effervescence ceases in it, and till its taste and smell 
indicate a considerable excess of alcaline salt. 

sou 111. Y 
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** The precipitate that falls down is carbonate of 
lime, it must be collected on the filter, and dried at a 
heat below that of redness. 

** The remaining fl^iid must be boiled for a qnartor 

of an hour, when the magnesia, if any exist, will be 

* 

precipitated from it, combined with carbonic acid, and 
its quantity is to be ascertained in the same mamer as 
<hat of the carbonate of lime. 

** If any minute proportion of alumina should, from 
peculiar circumstances, be dissolved by the acid, it wQI 
be found in the . precipitate with the carbonate of fime^ 
and. it may be separated from it by boiling it for a. few 
minutes with soap lye, sufficient to cover the solid 
matter ; this substance dissolves alumina, without acting 
lipon carbonate of lime. 

^* Should the finelyrdivided soil be sufficiently cal- 
careous to effervesce very strongly with acids, a very 
simple method may be adopted for ascertaining the 
quantity of carbonate of lime, and one sufficiently ac- 
curate in all common cases. 

** Carbonate of lime, in all its states, contains a 
determinate proportion of carbonic acid, t.e., nearly 
43 per cent.y so that when the quantity of this elastic 
fluid, given out by any soil during the solution of its 
calcareous matter in an acid is known, either in weigbt 
or measure, the quantity of carbonate of lime may be 
easily discovered. 

** When the process by diminution of weight is em- 
ployed, two parts of the acid and one part of the matter 
of the soil must be weighed in two separate bottles, and 
very slowly mixed together till the efiervescence ceases; 
the difference between their weight befortB and after 
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the ezptoriment, denotes the quantity of carbonic acid 
lott ; for every four grains and a quarter of which, 10 
grains of carbonate of lime must be estimated. 

** 6. After the calcareous parts of the soil have 
been acted upon by muriatic acid, the next process' is 
to ascertain the quantity of finely-divided insoluble 
ammal and vegetable matter that it contains. 

** This may be done with sufficient precision, by 
strongly igniting it in a crucible over a common fire 
till no blackness remains in the mass. It should be 
often stirred with a metallic rod, so as to expose new 
surfaces continually to the air ; the loss of weight that 
it undergoes denotes the quantity of the substance that 
it contajns destructible by fire and air. 

** It is not possible, without very refined and difficult 
experiments, to ascertain whether this substance is 
wholly animal or vegetable matter, or a mixture of 
both. When the smell emitted during the incineration 
is similar to that of burnt feathers, it is a certain in- 
dication of some substance either animal or analogous 
to animal matter ; and a copious blue flame at the time 
of ignition, almost always denotes a considerable pro- 
]K>rtion of vegetable matter. In cases when it is ne- 
cessary that the experiment should be Very quickly per- 
formed, the destruction of the decomposable substances 
may be assisted by the agency of nitrate of ammonia, 
idiich at the time of ignition may be thrown gradually 
tqpon the heated mass in the quantity of 20 grains for 
every hundred of residual soil. It accelerates the 
dissipation of the animal and vegetable matter, which 
it causes to be converted into elastic fluids ; and it is 
itself at the same time decomposed and lost. 

Y s 
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** 7. The substances remaining after the destmction 
of the vegetable and animal matter, are generally 
minute particles of earthy matter, containing ususDy 
alumina and silica, with combined oxide of iron or of 
manganese. 

** To separate these from each other, the solid 
matter should be boiled for two or three hoars with 
sulphuric dcid, diluted with four times its wei^ of 
water; the quantity of the acid should be r^gulatad 
by the quantity of solid residuum to be acted on, 
allowing for every hundred grains two drachms* or 
120 grains, of acid, 

** The substance remaining after the action of the 
acid, may be considered as siliceous: and it must bs 
separated and its weight ascertained, after wariiing and 
drying in the usual manner. 

** The alumina, and the oxide of iron and manga- 
nesum, if any exist, are all dissolved by the sulphuric 
acid ; they may be separated by succinate of aminonia, 
added to excess, which throws down the oxide of iron; 
and by soap lye, which will dissolve the alumina, but 
not the oxide of manganese: the weights of the oxidei 
ascertained after they have been heated to redness will 
denote their quantities. 

'^ Should any magnesia and lime have escaped so- 
lution in the muriatic acid, they will be found in the 
sulphuric acid ; this, however, is rarely the case ; bot 
the process for detecting them, and ascertaining their 
quantities, is the same in both instances. 

** The method of analysis by sulphuric acid, is suf* 
ficiently precise for all usual experiments ; but if very 
great accuracy be an object, dry carbonate of potassa 
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must be employed as the agent, and the residuum of 
the incineration (6) must be heated red for a half hour, 
wHh four times its weight of this substance, in a cru- 
eible of silver, or of well baked porcelain. The mass 
obtained must be dissolved in muriatic acid, and the 
•olntion evaporated till it is nearly solid; distilled water 
mnit tiien be added, by which the oxide of iron and 
all tiie earths, except silica, will be dissolved in com- 
bination as muriates. The silica, after the usual pro- 
cess of lixiviation, must be heated red ; the other 
aubatances may be separated in the same manner as 
from the muriatic and sulphuric solutions. 

'* This process is the one usually employed by che- 
mical i^osophers for the analysis of stxines. 

** 8. If any saline matter, or soluble vegetable or 
animal matter is suspected in the soil, it will be found 
in the water of lixiviation used for separating the sand. 

** This water must be evaporated to drjmess in a 
proper dish, at a heat below its boiling point. 

'' If the solid matter obtained is of a brown colour 
and ii^ammable, it may be considered as partly vegeta- 
ble extract. If its smell, when exposed to heat, be like 
that of burnt feathers, it contains animal or albuminous 
matter ; if it be white, crystalline, and not destructible by 
heat, it may be considered as principally saline matter. 

*^ 9. Should sulphate or phosphate of lime be sus- 
pected in the entire soil, the detection of them requires 
a particular process upon it. A given weight of it, 
for instance, 400 grains, must be heated red for half 
an hour in a crucible, mixed with one-third of powdered 
diarcoal. Tlie mixture must be boiled for a quarter 
of an hour, in a half pint of water, and the fluid 



396 COMPOSITION OF SOILS. 

collected through the filter, and exposed for some dtys 
to the atmosphere in an open vessel. If any notaUe 
quantity of sulphate of lime (gypsum.) existed in the 
soil, a white precipitate will gradually fonn in the fluid, 
and the weight of it will indicate the proportion. 

'' Phosphate of lime, if any exist, may be separated 
from the soil after the proce^ for gypsum. Murialk 
acid must be digested iqpon the soil, in quantity more 
than sufficient to saturate the soluble earliis ; the solu- 
tion must be evaporated, and water poured upon the 
solid matter. This fluid will dissolve the compoondi 
of earths with the muriatic acid, and leave the phosphate 
of lime untouched. 

'' It would not fall within the limits assigned to this 
Lecture, to detail any processes for the detectimi of 
substances which may be accidentally mixed with^ die 
.matters of soils. . Other earths and metallic oxides are 
now and then found in them, but in quantities too 
minute to bear any relation to fertility or barrenness, 
and the search for them would make the analysis much 
more complicated without rendering it more useful. 

'' 10. When the examination of a soil is completed, 
the products should be numerically arranged, and their 
quantities added together, and if they nearly equal the 
original quantity of soil, the analysis may be considered 
as accurate. It must, however, be noticed, that when 
phosphate or sulphate of lime are discovered by the 
independent process just described (9), a correction 
must be made for the general process, by subtracting 
a sum equal to their weight from the quantity of car- 
bonate of lime, obtained by precipitation from the 
muriatic acid. 
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** In arranging the products, the form should be in 
the order of the experiments by which Ihey were pro- 
cured. 

*' Thus, I obtained from 400 grains of a good silice- 
out sandy soil, from a hop garden near Tunbridge, Kent, 



Of water of absorption 19 

— ^ loose stones and gravel principally siliceous 53 

-^ undecompounded vegetable fibres 14 

-— fine siliceous sand 212 

Of minutely divided matter separated by 
agitation and filtration, and consisting of 

Carbonate of lime 19 

Carbonate of magnesia 3 

Matter destructible by heat, principally ve- 
getable • . • 15 . 

Sflica 21 

Atamina 13 

Oxide of iron •••••. 5 

Soluble matter, principally common salt and 

vegetable extract 3 

Gypsum 2 

- ex 

Amount of all the products 379 

Loss 21 

** The loss in this analysis is not more than usually 
occurs, and it depends upon the impossibility of col- 
lecting the whole quantities of the difierent precipitates; 
and upon the presence of more moisture than is ac- 
oounted for in the water of absorption, and which is 
lost in the different^processes. 
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** When the experimenter is become aoquainted with 
the use of the different instruments, the properties of 
the re-agents, and the relations between the external 
and chemical qualities of soils, he will seldom find it 
necessary to perform, in any one case, all the processes 
that have been described. When his soil, for instance, 
contains no notable proportion of calcareous maitier, 
the action of the muriatic acid (7) may be omitted. 
In examining peat soils, he will principally have to 
attend to the operation by fire and air (8) ; and in the 
analysis of chalks and loams, he will often be able to 
omit the experiment by sulphuric acid (9). 

** In the first trials that are made by persons miae* 
quainted with chemistry, they must not expect modi 
precision of result. Many difficulties will be met with: 
but in overcoming them, the most useful kind of prac- 
tical knowledge will be obtained ; and nofbing is so 
instructive in experimental science, as the detectkm 
of mistakes. The correct analyst ought to be well 
grounded in general chemical information; but, p^- 
haps, there is no better mode of gaining it, than that 
of attempting original investigations. In pursuing his 
experiments, he will be continually obliged to lean 
the properties of the -substances he is employing or 
acting upon; and his theoretical ideas will be more 
valuable in being connected with practical operations, 
and acquired for the purpose of discovery. 

'* Plants being possessed of no locomotive powers, 
can grow only in places where they are supplied with 
food ; and the soil is necessary to their existence, both 
as affording them nourishment, and enabling them to 
fix themselves in such a manner as to obey those me- 
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chaDical laws by which their radicles are kept [below 
llie surface, and their leaves exposed to the free at- 
mosphere. As the systems of roots, branches, and 
leayes, are very different in different vegetables, so 
fliey flourish most in different soils ; the plants that have 
bulbous roots require a looser and a lighter soil than 
fuch as have fibrous roots ; and the plants possessing 
only diort fibrous radicles demand a firmer soil than 
such as have tap roots, or extensive lateral roots. 

** A good turnip soil from Holkham, Norfolk, af- 
forded me eight parts out of nine siliceous sand ; and 
tbe finely-divided matter consisted 

Of carbonate of lime 63 

— silica 15 

— alumina 11 

— oxide of iron • 3 

— vegetable and saline matter 5 

— moisture 3 

** I found the soil taken from a field at Sheffield- 
place, in Sussex, remarkable for producing flourishing 
<MJa, to consist of six parts of sand, and one part of 
day and finely-divided matter. And 100 parts of die 
entire soil, submitted to analysis, produced 



Silica • 54 

Alumina . 23 

Carbonate of lime 3 

Oxide of iron • 5 

Decomposing vegetable matter 4 

Moisture and loss . . • 3 

*' An excellent wheat soil, from the nei^booriibod 
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of West Drayton, Middlesex, gave three parts in fi?e 
of siliceous sand ; and the finely-divided matter con- 
sisted of 

Carbonate of lime ••« 28 

Silica 32 

Alumina ^ 

Animal or vegetable matter and moisture 1 1 

• 

** Of these soils the last was by far the most, and 
the first the least, coherent in texture. In all casei 
the constituent parts of the soil which give tenacity 
and coherence are the finely-divided matters ; and iiieij 
possess the power of giving those qualities in the hi^ieit 
degree when they contain much alumina. A smaD 
quantity of finely-divided matter is sufficient to fit a 
soil for the production of turnips and barley ; and I 
have seen a tolerable crop of turnips on a soil contain- 
ing 11 parts out of 12 sand. A much greater 'pt^ 
portion of sand, however, always produces absolute 
sterility. The soil of Bagshot heath, which is entirdy 
devoid of vegetable covering,- contains less than -^ of 
finely-divided matter. 400 parts of it, which had been 
heated red, afforded me 380 parts of coarse siliceooi 
sand, nine parts of fine siliceous sand, and 11 parts 
of impalpable matter, which was a mixture of ferrugi- 
nous clay, with carbonate of lime. Vegetable or 
animal matters, when finely-divided, not only give co- 
herence, but likewise softness , and penetrability ; but 
neither they nor any other part of the soil must be in 
too great proportion ; and a soil is unproductive if it 
consist entirely of impalpable matters. 

'' Pure alumina or siUca, pure carbonate of lime, 



RILATIYK PSRTILITY OP SOILS. 981 

or carbonate of magnesia, are incapable of supporting 
healthy vegetation. 

** No soil is fertile that contains as much as 19 parts 
out of 20 of any of the constituents that have been 
mentioned. 

'* It will be asked, are Ihe pure earths in the soil 
merely active as mechanical or indirect chemical agents, 
or do they actually afford food to the plant ? This is 
an important question ; and not diflScuIt of solution. 

** The earths consist, as I have before stated, of 
metals united to oxygen ; and these metals have not been 
decomposed ; there is consequently no reason to suppose 
diat the earths are convertible into the elements of orga- 
niased compounds, into carbon, hydrogen, and azote. 

** Plants have been made to grow in given quantities 
of earth. They consume very small portions only ; 
and what is lost may be accounted for by the quantities 
found in their ashes ; that is to say, it has not been 
eoDverted into any new products. 

** The carbonic acid united to lime or magnesia, if 
ally stronger acid happens to be formed in the soil 
4nfiDg the fermentation of vegetable matter which will 
disengage it from the earths, may be decomposed : but 
liie earths themselves cannot be supposed convertible 
into other substances, by any process taking place in 
tibe soil. 

*^ In all cases the ashes of plants contain some of 
the earths of the soil in which Aey grow ; but these 
earths, as may be seen from the table of the ashes 
afforded by different plants given in the last Lecture*, 

* * See Sir Humphry Davy's Elements of Agricultural Chemistry, 
4to., p. 102. 
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never equal more than 3V ^^ ^^ weight of the plant 
consumed. 

** If they be considered as necessary to the vegetable, 
it is as giving hardness and firmness to its organization. 
Thus, it has been mentioned that wheat, oats, and many 
of the hollow grasses, have an epidermis principally V 
siliceous earth ; the use of which seems to be to strengthen 
them, and defend them from the attacks of insects and 
parasitical plants. 

** Many soils are popularly distinguished as cdd ; and 
the distinction, though at first view it may appear to be 
founded on prejudice, is really just. 

** Some soils are much more heated by the ntjrs of 
the sun, all other circumstences being equals dum 
others ; and soils brought to the same degree of heat 
cool in different times, 1. e., some cool much faster 
than others. 

'^ This property has been very little attended to in 
a philosophical point of view ; yet it is of the highert 
importance in agriculture. In general, soils that con- 
sist principally of a stifi^ white clay are diflicultiy 
heated ; and being usually very moist they retain their 
heat only for a short time. Chalks are similar in one 
respect, that they are difficultly heated ; but being drier 
they retain their heat longer, less being consumed in 
causing the evaporation of their moisture. 

** A black soil, containing much soft vegetable matter, 
is most heated by the sun and air ; and the coloured 
soils, and the soils containing much carbonaceous matter, 
or ferruginous matter, exposed under equal circum- 
stances to sun, acquire a much higher temperature thaa 
pale-coloured soils. 
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^* When soils are perfectly dry, those that most 
readily become heated by the solar rays likewise cool 
most rapidly ; but I have ascertained by experiment, 
that the darkest-coloured dry soil (that which contains 
abundance of animal or v^etable matter, substances 
which most facilitate the diminution of temperature,) 
when heated to the same degree, provided it be within 
the common limits of the effect of solar heat, will cool 
more slowly than a wet pale soil entirely composed of 
earthy matter. 

*' I found that a rich black mould, which contained 
nearly ^ of vegetable matter, had its temperature in« 
creased in an hour from 65^ to 88^ by exposure to 
•onshine ; whilst a chalk soil was heated only to 69^ 
ttnder the same circumstances. But the mould, re- 
moved into the shade, where the temperature was 62^, 
lost, in half an hour, 15^ ; whereas the chalk, under the 
same circumstances, had lost only 4^. 

^' Brown fertile . soil, and a cold barren clay were 
each artificially heated to 88^ having been previously 
dried ; they were then exposed in a temperature of 57^ ; 
m half an hour the dark soil was found to have lost 9^ 
dTheat; the clay had lost only 6^. An equal portion 
of the clay containing moisture, after being heated to 
88^, was exposed in a temperature of 55^ ; in less than 
a quarter of an hour it was found to have gained the 
temperature of the room: The soils in all these experi- 
ments were placed in small tin-plate trays, two inches 
square and half an inch in depth ; and the temperature 
ascertained by a delicate thermometer. 

" Nothing can be more evident, than that the genial 
heat of the soil, particularly in spring, must be of the 
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highest importance to the rising plant. And when'tiie 
leaves are fully developed, the ground is shaded,; and 
any injurious influence, which in the summer might be 
expected from too great a beat, entirely prevented: so 
that the temperature of the surface, when bare and ex- 
posed to the rays of the sun, affords at least one indica- 
tion of the degrees of its fertility ; and the thermometer 
may be sometimes a useful instrument to the purchaser or 
improver of lands. 

** The moisture in the soil influences its temperature ; 
and the manner in which it is distributed, through, or 
combined with, the earthy materials, is of great im- 
portance in relation to the nutriment of the plant. If 
water is too strongly attracted by the earths, it will not 
be absorbed by the roots of the plants ; if it is in too . 
great quantity, or too loosely united to them, it tends 
to injure or destroy the fibrous parts of the roots. 

** There are two states in which water seems to exist 
in the earths, and in animal and vegetable substances ; 
in the first state it is united by chemical, in the other by 
cohesive, attraction. 

** If pure solution of ammonia or potassa be poured 
into a solution of alum, alumina falls down combined 
with water ; and the powder dried by exposure to air 
will afibrd more than half its wei^t of water by distil- 
lation ; in this instance the water is united by chemical 
attraction. The moisture which wood, or muscular 
fibre, or gum, that have been heated to 212^, afibrd by 
distillation at a red heat, is likewise water, the elements 
of which were united in the substance by chemical com- 
bination. 

'' When pij^e-clay, dried at the temperature of the 
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ilmoBphere, is brou^t in contact with water, the fluid 
ifl rapidly absorbed ; this is owing to cohesive attrac- 
tion. Soils in general, vegetable, and ammai sub* 
itances, that have been dried at a heat below that of 
boiling water, increase in weight by exposure to air, 
Bwing to their absorbing water existing in the state of 
npma in the air, in consequence of cohesive attraction. 

** The water chmnicaUy combined amongst the ele-' 
neots of soils, unless in the case of the decomposition of 
snimal or vegetable substances, cannot be absorbed by 
the roots of plants ; but that adhering to the parts of the 
loil is in constant use in vegetation. Indeed there are 
few mixtures of the earths found in soils that contain any 
diemically combined water; water is expelled from 
Sie earths by. most substances that combine with them. 
Ilms, if a combination of lime and water be exposed to 
Barbonic acid, the carbonic acid takes the place of water, 
md compounds of alumina and silica, or other com- 
pounds of the earths, do not chemically unite with water ; 
Imd soils, as it has been stated, are formed either by 
sBlrtfay carbonates, or compounds of the pure earths 
sod metallic oxides. 

*' When saline substances exist in soils, they may be 
BBJted to water both chemically and mechanically ; bot 
bey are always in too small a quantity to influence 
BMfterially.die relations of the soil to water. 

^'..Tfte power of the soil to absorb water by cohesive 
■ttnolion,. depends in great measure upon the state of 
fifjmonof its parts; the more divided they are, the 
pMter is their absorbent power. The different consti- 
tueiit parts of soils likewise appear to act, even by 
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cohesive attraction, with different degrees of eaergf. 
Thus vegetable substances seem to be more absorbent 
than animal substances ; animal substances more so 
than compounds of alumina and silica ; and compoundi 
of alumina and silica more absorbent than carbonatei 
of lime and magnesia ; these differences may, however, 
possibly depend upon the differences in their state of 
division, and upon the surface exposed. . 

*\ The power of soils to absorb water from air, if 
much connected with fertility. When this power is great, 
the plant is supplied with moisture in dry seasons ; and 
the effect of evaporation in the day is counteracted by 
the absorption of aqueous vapour from the atmosphere, 
by the interior parts of the soil during the day, and by 
both the exterior and interior during night 

** The stiff clays approaching to pipe-clays in tbdr 
nature, which take up the greatest quantity of water 
when it is poured upon them in a fluid form, are not the 
soils which absorb most moisture from the atmosjdiere 
in dry weather. They cake, and present only a small 
surface to the air, and the vegetation on them is generally 
burnt up almost as readily as on sands. 

" The soils that are most efficient in supplying the 
plant with water by atmospheric absorption, are thoee 
in which there is a due mixture of sand, finely-divided 
clay, and carbonate of lime, with some animal or v^ 
getable matter ; and which are so loose and light as to 
be freely permeable to the atmosphere. With respect 
to this quality, carbonate of lime and animal and vege- 
table matter are of great use in soils ; they give ab80^ 
bent power to the soil without giving it likewise tent- 
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city ; sand, which also destroys tenacity, on the con- 
tnury, gives little absorbent power. 

^' I have compared the absorbent powers of many 
soils with respect to atmospheric moisture, and I have 
alwajrs found it greatest in the most fertile soils ; so 
fliat it affords one method of judging of the productive- 
ness of land. 

** 1000 parts of a celebrated soil from Ormiston, in 
East Lothian, which contained more than half its 
weight of finely-divided matter, of which 1 1 parts were 
carbonate of lime, and 9 parts vegetable matter, when 
dried at 212^, gained in an hour by exposure to 
air, saturated with moisture, at temperature 62°, 18 
grains. 

** 1000 parts of a very fertile soil from *the banks of 
the river Parret, in Somersetshire, under the same cir- 
cumstances, gained 16 grains. 

'' 1000 parts of a soil from Mersea, in E!ssex, worth 
45 shillings an acre, gained 13 grains. 

'' 1000 grains of a fine sand from Essex, worth 28 
shillings an acre, gained 1 1 grains. 

<' 1000 of a coarse sand, worth 15 shillings an acre, 
gained only eight grains. 

• '< 1000 of the soil of Bagsho^heath gained only 
three grains. 

'* Water, and tlie decomposing animal and vegetable 
matter existing in the soil, constitute the true nourish- 
ment of plants ; and as the earthy parts of the soil are 
useful in retaining water, so as to supply it in the 
proper proportions to ttie roots of the vegetables, so 
they are likewise efficacious in producing the proper 

VOL. III. z 
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distribution of the animal . or vegetable matter ; wfaen 
equally mixed with it. they prevent it from decompottng 
too rapidly ; and by their means tbe soluble parts are 
supplied in proper proportions. 

*' Besides this agency, which may be considered. as 
mechanical, there is another agency between soilp and 
organizable matters, which may be regarded, as qhieroical 
in its nature. The earths, and even the eartfiy car- 
bonates, have a certain degree of chemjical attraction 
for many of the principles of. vegetable and animal 
substances. This is easily exemplified in the instance 
of alumina and oil ; if an acid solution of alumina be 
mixed with a solution of soap, . which consists of oily 
matter and potassa, the oil and the alumina will nntte 
and form a white powder, which will sink. to the bottom 
of the fluid. 

*' The extract from decomposing vegetable mattef 
when boiled with pipe-clay or chalk, forms a combim- 
tion by which the vegetable matter is rendered more 
difficult of decomposition and of solution. Pure silica 
and siliceous sands have little action of this kind ; and 
the soils which contain the most alumina and carbonate 
of lime, are those which act with the greatest chemical 
energy in preserving manures. Such soils merit the 
appellation which is commonly given to them of rich 
soils ; for the vegetable nourishment is long preserved 
in them, unless taken up by the organs of plants. Sili- 
ceous sands, on the contrary, deserve the term hungry, 
which is commonly applied to them ; for the vegetable 
and animal matters they contain not being attracted by 
ihq earthy constituent parts of the soil, are more liable 
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to be decomposed by the action of the atmosphere, or 
carried off from them by water. 

'' In most of the black and brown rich vegetable 
oioulds, the earths seem to be in combination with a 
peeoUar extractive matter, afforded during the decom- 
position of vegetables : this is slowly taken up, or at* 
tncted from the earths by water, and appears to con- 
stitute a prime cause of the fertility of the soil. 

** The standard of fertility of soils for different 
plants must vary with the climate ; and must be par- 
ticularly influenced by the quantity of rain. 

** The power of soils to absorb moisture ought to 
be much greater in warm or dry countries, than in cold 
aod moist ones ; and the quantity of clay, or vegetable 
or animal matter they contain, greater. Soils also on 
declivities ought to be more absorbent than in plains 
or in the bottom of valleys. Their productiveness like- 
wise is influenced by the nature of the subsoil or the 
stratum on which they rest. 

'* Mlien soils are immediately situated upon a bed of 
rock or stone, they are much sooner rendered dry by 
evaporation, than where the subsoil is of clay or marl; 
and a prime cause of the great fertility of the land in 
the moist climate of Ireland, is the proximity of the 
rocky strata to the soil. 

** A clayey subsoil will sometimes be of material 
advantage to a sandy soil ; and in this case it will re- 
tain moisture in such a manner as 4o be capable of sup- 
plying that lost by the earth above, in consequence of 
evaporation, or the consumption of it by plants. 

** A sandy or gravelly subsoil, often corrects the 

Z 9 
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imperfections of too great a degree of absorbent power 
in the true soil. 

** In calcareous countries, where the surface is a 
species of marl, the soil is often found only a few in- 
ches above the limestone; and its fertility is not im- 
paired by the proximity of the rock ; though in a less 
absorbent soil, this situation would occasion barrenness; 
and the sandstone and limestone hills in Derbydiire and 
North Wales may be easily distinguished at a distance 
in summer by the different tints of the vegetation. The 
grass on the sandstone hills usually appears brown and 
burnt up; that on the limestone hills, flourishing and 
green. 

^^ In devoting the different parts of an estate to die 
necessary crops, it is perfectly evident from what has 
been said, that no general principle can be laid down, 
except when all the circumstances of the nature, com- 
position, and situation of the soil and subsoil are 
known. 

" The methods of cultivation likewise must be dif- 
ferent for different soils. The same practice which 
will be excellent in one case may be destructive in 
another. 

** Deep ploughing may be a very profitable practice 
in a rich thick soil ; and in a fertile shallow soil, situated 
upon cold clay or sandy subsoil, it may be extremely 
prejudicial. 

'^ In a moist climate where the quantity of rain that 
falls annually equals from 40 to 60 inches, as in Lan- 
cashire, Cornwall, and some parts of Ireland, a sili- 
ceous sandy soil is much more productive than in dry 
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districts ; and in suoh situations wheat and beans will 
require a less coherent and absorbent soil than in 
drier situations ; and plants, having bulbous roots, will 
flourish in a soil containing as much as 14< parts of 
out 15 of sand. 

'' Even the exhausting powers of crops will be in- 
fluenced by like circumstances. In cases where plants 
cannot absorb sufficient moisture, they must take up' 
more manure. And in Ireland, Cornwall, and the 
western Highlands of Scotland, com will exhaust less 
than in dry inland situations. Oats, particularly in dry 
climates, are impoverishing in a much higher degree 
than in moist ones." 
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TABULAR VIEW 

OF THE 

NT NUMBERS OF VEGETABLE AND ANIMAL PRODUCTS, 
AND THEIR COMBINATIONS. 



SUBSTANCES 



EqriYalcaC 
Nnobcr 



COMPOSmON 



■Bmieof kad, 



ante of lead 



nilateof lead. 



nn 

ate of lead , 



PHOSIC ACID i 



IMIC ACID 



of amnonia 



potama 
soda •• 
•lime •• 



85 
974.5 

75 
179^ 

135 
374.5 

fiOO 
304.5 

140 



47 
63 

93 

76.5 

73.5 



170 gum. + 104.5 ox. of lead. 



75 aDgar+ 104.5 ox. of lead. 



970 starch + 104.5 ox. of lead 



900 taomn + 104.5 ox. of lead. 



47 S. A. •«- 16 ammoD. 
47 S.A. + 45 P. 
47S.A. + 99.5 S. 
47 S. A. -I- 96.5 L. 
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Equivaient Numberif 4^. (continued.) 



SUBSTANCES. 






COMPOSmON. 



XVI. Oxalic Acid 



Oxalate of ammonia 



potassa 
8oda..«. 
lime • , • • . 
baryta... 
strontia . 
magnesia, 



manganese 
iron 



ance, 

tin , 



copper. 



and ammonia . . 
and potassa . . . . 
• and soda 



lead 



antimony, 
bismuth . 
cobalt ••• 
uranium ? 



nickel 



mercury 
siWer. . . 



XVII. Citric Acid 



L 



35.5 
51.5 
80.5 
65 
69 
IDS 
87.5 
54 
71.5 

69 

76 

98.5 
146 
"97.5 
996.5 
911 
140 

88 
199.5 

73.5 

71 
933 
145.5 

55.5 



S5.5 0. A.-»>i6 An. 
35.5 O. A. + 45 P. 

35.5 O. A. + 89.5 S. 

35.5 O. A. + 96.5 L 

35.5 O. A. -I- 79.5 B. 

35.5 O. A. + 59S. 

35.5 O. A. + 18.5 H. 

35.5 O. A. + 36 CM. 

35.5 O. A. + 33.5 0. L 

35.5 O. A. + 40.5 0. Z. 

35.5. O. A. + 6S0.T. 

71 O. A. + 75 Peroi.C 
146 Ox. Cop. + 51.5 OnUi 
146 Ox.Cop. + 80.5 Oi. ftt 
146 Ox. Cop. +65 Ox. SU, 

35.5 O. A.+ 104.SO.L 
35.5 O. A. + 59.5 0. Alt 
35.5 O. A.-I-74O. B. 
35.5 O. A.-I-38 0.C. 

35.5 O. A. + 35.5. 0. N. 
35.5 O.A.-I-197.5 0.1L 

35.50. A.-I-1I00.S. 
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Eqwoaknt Nmmbers, ifc, (continued.) 



SUBSTANCES. 



CHimte of ammonia. 
■ potaaa. . • 

■ toda ••.. 

■ lime 

■ baryta... 
— ftrontia . 

■ mafnesia 



— iron 

— zinc •• 

— Un 

— copper 

^ lead 

— antimony? 

— bismuth . • • 

— cobalt 

— - uranium? 



nickel. • I 
mercury 
siWer •• 



[I. Malic Acid 

[X. Gallic Acid 

^X. Bbmzoic Acid 

Benaoate of ammonia 




potassa 



90 
953 
165.5 

66 
60 

119 
198 
157 



COMPOSITION. 



71.5 


55.5 C. A. •«- 16 Am. 


100.5 


55.5 C.A.-t-45 p. 


85 


55.5 C. A. + 99.5 S. 


89 


55.5 C. A.+ 96.5 L. 


198 


55*5 C. A. +79.5 B. 


107.5 


55.5CA.+ 59S. 


74 


55.5 CA.+ I8.5M. 


91.5 


55.5C. A.+ 36O. M. 


89 


554iC. A. + 33.5 0. I. 


96 


55.5 C A. + 40.5O.Z. 


118.5 


55.3C.A. + 63O.T. 


186 


Ill C. A.+ 7S P«r ox. C. 


]6o 


55.5 C A.+ I04.5 0. L. 


199.5 


55.5C.A. + 74O. B. 


93.5 


55.5 C. A. + 38 0. C. 



55.5 C. A. + 35.5 O. N. 
55.5 C. A. + 197.5 O. M. 
55.5 C A.+ lioO. S. 



119 B. A. + 16 Amm. 
119 B. A. + 45 P. 



EQUIVALENT NVMBBBS, irC. 



Equivalent Nirmbtn, ^c. (continued.) 



COMFOsmc 




XXI. Acfciic Ai 
Ac«tale of 



lilR. A. + fig.SS. 
1I9B. A.-f-«&sL 
I1SB.A.-C7C.9B. 
119 B. A. + imj€ 

43 A. A.+ i6 Arna 

4a A.A.-I-4SP. 

*s A.A. + S9.5S. 
4S A. A. + a6s L. 
48 A. A. + 79-s B. 

48 A. A. + SI a. 
4a A. A.+ iS^ H. 
4B A. A. + S6 0.1I. 

«S A. A. + 33.^0.1 

49 A. A. + 40.S0J 
49 A. A. + lis (I. T. 
96 A. A.+7sPtmt 
4S A.A. + iotjO. 
4s A. A. + 74 0.8. 
4S A. A. + 197.S 0- 
4S A. A.+ 110O.S. 



XXII. FoBMic Acid ? Protabij a comiioimd of Malic Bad Acetof > 

XXni. CBrc AciDf I 33 I 



~ potassa .... 

- baryta 

- inognesis. . . , 



INDEX. 



{ 



i 




INDEX- 



ABS 



ACI 



tS OF HEAT, i. »9 ! AeHtU of silver, ui. 170. Z50 

, Fhnaime^ their experi-j loda, iii. IGS, 161 , 350 

ttrontia, iii. 165, 350 
tin, lit 166, 350 
anniiUD, iii. 169 
zinc^iii. 166, 350 
.lcdacflni,iii.l6I,350 
procured, iii. 16S 
mnal yiii of, iii. IGI 
from wood, iii. 162 
its properties, iii. 162 
ether 
Aecimu fmmemUHm, iii. 160 
Jotf, defined by Bergman, i. 153 
mceiic, (from mapple juice) 
acetic, iU. 161, 350 
acetous, iii. 161 
aerial, L 152, 422 
air, TitrioUc, i. 136, 336 
amniotic (firom the amnios of the 

cow) 
antimonic, ii. 175 
antimonions, ii. 175 
arsenic, i. 168; u. 206, 531 
arsenions, i. 168 ; ii. 203, 531 
bensnc, i. 170; iii. 103, 349 
boletic, iu. 107, 126 
boracic, i 54, 453, 470 
camphoric, iii. 62 
carbonic, i. 116, 152, IH, 422, 469 



on thermometers, i. 88 • 
dncting powers of metals,! 
L» ! 

expansion of water by cold, { 
L91 ' 

radiation of cold, i. 93 
radiation, reflection, and 

refraction of heat, i. 93 
Royo/, i. 54 
ipplejaice) 
■me, iu. 165, 170 
,iiL164,350 
r, iii. 169 
IL 165, 350 
,iiL169,350 
IL169 
iLl69 

ii. 162, 166, 350 
165,350 

162, 163, 167, 330 
d as a test, i. 145 
90;iiLl65,350 
i,iiLl65, 350 
•e, iii. 165, 350 
,01.169,350 
J. 169 
IL 164, 350 
iii. 113 



2 A 



ACI 



ACI 



Acid, caseic (from cheese) 
cetic, iii. 211 
chloric, i. 322, 464 
chloriodic, i. 325, 464 
chlorous, i. 322 
chloro-carbonic, i. 421, 409 
chloro-cyanic, i. 448, 470 
chromic, ii. 221, 634 
citric, i. 170; iii. 93, 348 
columbic, ii. 230, 535 
cyanic, i. 447 
dephlogisticated muriatic (chlorine) 

i. 167, 318 
ellagic, ui. 108 
ferro-chyazic, ii. 125 
ferro-prnssic, ii. 125 
ferruretted chyazic, ii. 125 
flaoboric, ii. 75, 512 
fluoric, ii. 73, 74, 512 
fluoric, subsilicated, ii. 305 
fluosilicic, ii. 305 
formic (from ants), iii. 350 
fungic, iii. 108, 126 
gallic, iii. 98, 349 
hydriodic, i. 345, 465 
hydrochloric, i. 341 
hydrocyanic, i. 449, 470 

• how prepared, i. 450 

used in medicine, i. 460 

hydrofluoric, ii. 73, 74, 512 
hydrophosphorous, i. 404, 468 
hydrophtoric, ii. 74 
hydrosulphuric, i. 398 
hydrothionic, i. 398 
hyponitrous, i. 350 
hyposulphuric, 1. 387; ii. 84 
hyposulphurous, i. 387,466 
hypophosphorous, i. 404, 467 
igasuric, iii. 73 
iodic, i. 321, 461 
iodosnlphuric, i. 396 
kinic, iii. 108 
krameric, iii. 108 
laccic,iii.05,66 



Jcid, lactic, i. 169 ; iii. 185 
lampicy iii. 164 
lithic, iu. 192 
malic, iii. 97, 349 
manganesic, ii. 106 
margaritic, iii. 810 
meoonic, iii. 70, S46 
mellitic, iiL 77 
menispermic (from meabpen 

coculus) 
molybdic, 11.218,633 
molybdous, ii. 218, 633 
moroxylic, iii. 107 
mucic, iii. 184 
mucous, iii. 19 
muriatic, i. 47, 220, 341,461 

dephlogisticated, 1.-313,16 

nanceic, (zumic) iii. 106 
nitric,!. 166, 362,466 
nitroleucic, iii. 207 
nitro-muriatic, i. 367 
nitro'Saccharine, iii. 204 
nitro-sulphuric, ii. 278 
nitrous, i. 351,466 
ocnothionic, iii. 153 
oleic, iii. 210 
oxalic, iii. 86, 344 
oxiodic, i. 32-1, 451 
oxychloric, i. 322,464 
oxymuriatic, i. 167,318 
perchloric, i. 322, 464 
perlate (acidulous phosphite 

soda) 
pernitrous, i. 350 
phosphatic, i. 407 
phosphoric, i. 404, 468 
phosphorous, i. 404, 468 
prussic, i. 171, 449, 470 

preparation of, i. 450 

purpuric, iii. 193 
pyroacetic, iii. 164 ' 
pyroligneous, iii. 162 
pyromucous, iii. 20 
pyrotartarous, iii. 79 



ACI 



AIR 



if (firom rhabarb) 
laetic, iii. 19, 184 
e (from fitt) 
^fi. 90S, 441 
sd fluoric, ii. 305 

,iL17i 
ii,iL17ft 

ieyiiL68,S45 

■r,Iu.86,S48 

i-ejanic, L 451, 470 

mwMit, 111. 154 

■ratted chyazic, i. 451 

iiic,Ll80,407 

limu,i.l86,S88,4fi6 

ie,ilL78,S46 

e»iL«)l 

ie, iL 216, 896, 535 

iLl«S,S50 

,ili. 106 

■■Miicef, siiDple, i. 396 

a4L464 

prme^Ufi. 309 

tlOlkyiLlS 

I €f the blow-pipe oii,iL 841 

idature of; i. 810 

tOk'^ ascertained, ii. 357 

j^L 148,215 

able9iii.78 

r,iL857 

oetkim, iii. 161 

4eiiiB,iii. 103 

itieafli,i.84l 

ai,i.352 

nnievDD, i.380 

,ii.tl7 

WiVV,y.S19 

,liL175 

ra]^iiL76 

Mtert , iii. 47 

iii. 



Aerial ocid, i. 159 

tests of, i. 148 

its electiTO attractions, i. 153 
AertfcrmJbddSf Lavoisier on, i. 174 
iliMifet, ii. 236 
i£M«r, 1.170; iii. 147 
AetiteSy ii. 114 
AJmUy, i. 218 

. aggregative, i. 192 

chemical, i. 218 

Bergman on, t 79, 149 

BertboUet on, L 81 

Oeoffroy on, i. 78 ' 

• Mayow on, i. 78 

Newton on, L 75 

complex, i. 218 

elective, i. 216 

heterogeneons, i. 218 

homogeneous, i. 192 

simple, i. 217 

Ubles of, i. 216 

Jgaie,ii.807 
AgtMnfmdahj iii. 307 
Aggregatum^ attraction of, i. 192 

its effect on chemical attraction, i. 
216 
AgricoUj on analysis, i. 148 

on bismnth, ii. 8 
AgriatUwre^ application of chemistry to, 

iii. 316 
J^km on acetate of zinc, iii. 166 

on analysis of cerite, ii. 438 

— arsenical pyrites, ii. 445 

— leather, iii. 206 

Airy a ponderous body, i. 370 
weight of, L 373, 465 
expansion of by heat, i. 226 
physical properties of, i. 370 
opinions of Boerhaave'on, i. 112 
Priestley's remarks on, i. 128, 132 
purification of, by vegetation, i. 

132 
effect of, on crystallisation, i. 196 
conduction of heat by, i. 237 

2A2 



AIR 



ALC 



Air, the same in high regions as at the 
earth's surface, i. 160 
ignition of, i. 805 
of water, i. S39 

analysis of, i. 160, lOS, 175, S80 
rarefied, a conductor of electricity, 

i.254 
empyreal of Scheele, i. 16S 
fixed, i. 44, 116, 152, 177, 422 
balloon, i. 3?0 
bladders of fish, iii. 225 
pump, i. 61, 372 
pistol, i. 327 
thermometer, i. 231 

described by Van Helmunt, 

i. 67 
Aix-la-ChapeUe waien, ii. 502 
ii(a^asfer,ii.G7; iii.200 
AlbeH of Cologne, i. 12 
Alberius Magmis, i, 12 
Albumen, iii. 176, 177 
its properties, iii. 178 
analysis of, iii. 179 
animal, iii. 178 
of urine, iii. 194 
vegetable, iii. 36 

its conYersion into gelatine, iii. 179 
Albunmmy iii. 3 
Alcali, silicated, ii. 298 

volatile, i. 361 
Alcalies, properties of, i. 361 ; ii. 32, 48 
decomposilion of, i. 363 ; ii. 28 
action of, on fixed oils, iii. 67 

metals, ii. 16 

fixed, ii. 13, SO, 48 

mineral, ii. 48 

vegetable, ii. 32, 43 

their use in glass making, ii. 298 

as tests, i. 143 

strength of, ascertained, ii. 44, 354 
tests of the, i. 142, 144, 215 
their alcoholic solutions, iii. 145 
Alcalimeter, ii. 354 
Alcalimetry, ii. 44, 354 



AkaUne earilUf ii. IZjTS 
baryta, ii. 77 
lime, ii. 60 
magnesia, ii. 06 
strontia, ti. 80 
gas described by Priestley, 

Alckjfmiad amngmuidf i. 15 

AlchifmuUf dements of the, L 41 
their notion of oombnaititmt \ 

ildhymisfi, their deceits, i. 18 
Lord Bacon's character ef tl 
Albert of Cologne, i. 12 
Alberttts Magnus, i. 12 
Arnold of ViUa Note, i. U 
Artiphius, i. 9 
Basil Valentine, L 28 
Digby, Sir Kenebn, i. 22 
Elias Ashmole, i. 2S 
Geber, i. 8 
Helretins, Dr., i. IS 
Hermes, Trismegistus, i. 6 
Nicholas Flanunel,i. 13 
Norton, Thomas, i. 21 
Paracelsus, i. SO 
Price, Dr., i. 25 
Raymond Lully, i. IS 
Ripley, George, i. 1 
Salmon, Dr.^ i. 14 
Van Helroont, i. 17, 41 
Woulfe, Peter, i. 25 
Alchymy, history of, i. 6 
Alcohol, iii. 131 

prepared, iii. 135 
its properties, iii. 135 

— analysis, iii. 146 

— decomposition, iii. 145 

— combustion, iii. 144 

— composition, iii. 140 

— refraction, i. 288 

— expansion by heat, i. 225 
action of acids on, iii. 146, 147 

159 

• alcalis on, iii. 145 

inflamed by electric spark, L 1 



ALC 



ALU 



JkoM, not prodaced by distiUation, iii. 
ISl 
latent heat in the Tapovr of, i. 246 
mixtureB of water with, iii. 136 
mode of ascertaining its purity, iii. 

144 
apparatus* for mixing it with water, 

iii. 186. 
used as a test, i. 145 
ftolvent powers of, iii. 145 
table of, in wines, iii. 1S2 
•^-- its specific gravity when di- 
luted, iU. 138 

strength of, iii. 138 

thermometer, i. 230 
tinged flame of, iii. 145 - 
Tapour of, iii. 136 

of sulphur (snlphuret of carbon), i. 
451^ 470 
AlcokoUe sohition of coMStic ps^osM, iii. 

145 
Ak, iii. 135 
AUmbic, i. 323 
AlgarotiV$pifiederf ii. 177 
AllaidUf ii. 197 

analysis of, ii. 434 
AQen <m the cambustum </ tke dkamoiM, i. 
425 
respiration, iii. 223 
^Ooy, fusible, ii. 24 

AUm, ii- 22 

of metals, how formed, ii. 23 
qualities of the metals altered in, 

ii.23 
are chemical compounds, ii. 23 
characters of, ii. 23 
oxidability of, ii. 25 
specific gravity of, ii. 24 
of antimony, ii. 182 

— arsenic, ii. 215 

— bismuth, ii. 186 

— copper, ii. 160 

— gold, ii. 287 

•— iron, ii. 127, 236 



AUoyuoi lead,ii. 171 
of mercury, ii. 260 

— nickel, u. 236 

— platinum, ii. 295 

— potassium and sodium, ii. 56 

— rhodium, ii. 265 

— silver, ii. 280 

— steel, ii. 133, 265, 280, 241 , 806 
-- tin, u. 127, 146 

— ^nc, ii. 139 

AUw^ f<frmatums, iii. 242, 29& 
AlnumdSf iii. 119 

oil of, iii. 119 
AUtm, i. 210 ; ii. 309 ; iii. 312 

preparation of, ii. 309 

properties of, ii. 309 

composition of, ii. 310 

applied in the arts, ii. 311 

of potash, ii. 309 

— soda, ii. 311 

— ammonia 
burnt, ii. 810 
cubic, ii. 310 
dried, U. 810 
roach, ii. 310 

Abtmenj ustum, ii. 310 
Alumina, ii. 308 

native, ii. 313 ; iii. 31^ 

obtained, ii. 309 

constitutes the gems, ii. 306 

properties of, ii. 309 

tests of, ii. 840 

appearance of, before the blowpipe, 
ii.340 

detected iu mineral waters, ii. 500 

acetate of, iii. 170 

benzoate of, iii. 106 

hydrate of, ii. 309 

oxalate of, iii. 92 

salts of, ii. 311 

sulphate of potash and, ii. 809 

soda and, ii. 311 

tartrate of, iii. 86 

use in dyeing, iii. 50 



ALU 



AMM 



Ahanmous mineralSf ii. 312 

analysis of, ii. 400 
Ahtmiumf ii. 306 

and steel, ii. 806 
Amalgam^ electrical, i. 350 

of ammonia, ii. 261 . 

— calcium, ii. 60 
~ copper, ii. 260 

— |rold, U. 260, 201 

— magnedum, ii. 06 
>- potassium, ii. 260 

— silver, ii. 260, 281 

— zinc, ii. 260 
Amalganu, ii. 260 
AnudganuaUm qf sUver oreSy ii. 268 
Amazon-stone, iii. 263 

ilmier, iii. 66 

acid of, iii. 66 
Ambergris, iu, 211 
Ametkjfst, ii. 807 
Amianthus, ii. 318 
AmUate qf lead, iii. 81, 345 
ilmifUHiia,i.361,466; iu. 173 

pure, discovered by Priestley, 1.136 

preparation of, i. 361 

qualities of, i. 361 

its absorption by charcoal, i. 410 

chlorides, ii. 63, 271 

— acetate, iii. 164, 346 
— • action on metals, ii. 16 

— amalgam, ii. 261 

— analysis, i. 363 

— antimoniate, ii. 176 

— arseniate, ii. 207, 532 

— arscnite, ii. 205 - 

— benzoate, iii. 104, 345 
^ bi-carbonate, i. 432, 460 

— bi-tartrate, iii. 79 

— borate, i. 454, 470 

— camphorate, iii. 63 
— > carbonate, i. 431, 460 

— chlorate, i. 3G5, 466 

— chromate, ii. 223, 534 

— citrate, iii. 04, UQ 



, its cowlwrtion, L KH, 1 
ii.271 
— > compositioo, u 86A 

— decompoatiflB, 1 801,164 
» deosily.wlien in solntioB, i. t 

— ferrocyaoate, ii. 126 

— fluale, ii. 75 

-^ flnoborate, ii. 76 

^ hydriodate, i. 887, 466 

— hydroflnate, ii. 76 

— hydrosulphnret, i. ISO, 407 
a8eda8atest,i.400;iL 

— hypophosphite, L 407 

— hyposulphite, i. 466 

— iodate, i. 866 

— liquor, i. 368 

— meconiate, til. 71 

— metallizatioD, ii. 261 

— molybdate, ii. 219, SU 

— muriate, i. 47, 366/466 

— —• how procured, i. 868 

— nitrate, i. 867, 466 

— oxalate, iii. 88, 818 

with copper, iii. 00 

a test for lime, iii. 88 

— phosphate, i. 407, 468 ; iii. 1^ 
~ phosphite, i. 407,468 

— refraction, i. 288 

— sesquicarbonate, i. 432 
~- silico-fluate, ii. 306 

— solution in water, i. 361, 466 

• properties of, i. 362 

specific gravity of, L 361 

latent heat in the vapov 

i.245 

of copper, ii. 154 

of nickel, ii. 233 

— specific gravity, i. 361 

— subcarbonate, i. 432 

— succinate, iii. 67, 346 

— sulphate, i. 47, 306, 467 

— sulphite, i. 380, 467 

— supersulphate, i. 807 

— synthesis, i. 865 



AMM 



ANA 



A mmmia, its tartrate, iii. 79, S42 

its tartrate with potaasa, iiL 81, S46 

— tangstate, ii. 227 

— orate, iii. 19S, 201 

— use as a test, i. 14S 
and chlorine, i. 866, ii. 271 

— mariatic acid, i S66 

— nitric acid, i. 867 
and oxygen bom, i. 862 

— perchloride of phosphorus, i. 400 
Jwwiiriral $dU», i. 865 
ul iiia io niac a-imyiie>tqii8iilphate,ii. 90,616 

phosphate, u. 100, 616 ; iii. 104 
.4— iiMiiiiiK HI, iii. 66 
AiKmoma tuhcarbonoiy i. 482 

procured by Glauber, i. 47 
Ammmuo-earbimaie of silver, ii. 279 

muriate of mercury, ii. 261 

— — platinum, ii. 203 

nitrate of copper, ii. 168 

mercury, ii. 258 

magnesia, ii. 97, 616 

nickel, ii. 284 

phosphate of magnesia, ii. 100,616 ; 
ui.l04 

soda, ii. 68, 509 ; iii. 194 

sulphate of magnesia, ii. 99, 616 

nickel, ii. 234 

mercury, ii. 268 

. potassa, ii. 42, 506 

soda, ii. 62, 508 

tartrate of potassa, iii. 81 
Ammonhtmf ii. 261 
Ammonhtret of cohaU, ii. 190 

copper, ii. 164 

nickel, ii. 233 

silver, ii. 640 

sine, ii. 135 
Ammimhiret$t ii. 17 
Amniotic acid (from the amnios of the 

cow) 
Ampere om Phtorcy ii. 78 
ilji^fgdaioid, iii, 206 
AmiifiaU rfkadf iii. 81, 846 



Amdeimey ii. 818 
AmUifsia, i. 222 

general directions for conducting 
processes of, ii. 882 

proximate, i. 228 

ultimate, i. 228 

vegetable, iii. 10 

of air, i. 168, 175, 880 
AMdfyna of alkaline minerals, iix.859 

ofallanite, ii.434 

— alloys, ii. 162, 171, 188 

— aluminous compounds, ii. 469 

— arragonite, ii. 876 

— arseniate of copper, ii. 446 

lead, ii. 447 

lime, ii. 447 

— arsenical pyrites, ii. 446 

— arsenical cobalt, ii. 426 

— bismuthic silver,* ii. 460 

— black ore of tellurium, ii. 488 
sulphuret of copper, ii. 406 

— blende, ii. 891, 898 

— boracic acid minerals, ii. 471 

— boumonite, ii. 418 

— calamine, ii. 894 

— carbonate of copper, ii. 410 

lead, ii. 414 

-^ lime, ii. 870 

— ^— magnesia, il. 878 

— cerite, ii. 432 

— chloride of copper, ii. 404 

— • iron, ii. 884 

Un, ii. 908 

zinc, ii. 890 

— chromate of iron, ii. 452 
lead, U. 451 

— cinnabar, ii. 469 

— cobalt, impure, ii* 424 

— columbite, ii. 454 

— compounds of alumina, ii. 409 
— antimony, ii. 415 

— • arsenic, ii. 444 

— barium, ii. 874 

: — bismuth, ii. 421 



ANA 



ANA 



Analym of, compoonds of cadmitiin, ii. 
402 

calcium, ii. S70 

cerium, ii. 4S2 

chromium, ii. 461 

cobalt, u. 424 

columbium, ii. 4S4 

— copper, ii. 4M 

glucinum, ii. 479 

^ gold, ii. 467 

iron, ii. S8S 

lead, ii. 412 

lithium, ii. S68 

..» magnesium, ii. 376 

— _^ manganese, iL S81 

mercury, ii. 468 

molybdenum, ii. 460 

nickel, ii. 466 

platinum, ii. 468 

selenium, ii. 440 

silica, ii. 469 

silver, ii. 460 

sodium, ii. 861 

strontium, ii. 376 

tellurium, ii. 434 

thorioum, ii. 482 

tin, ii. 396 

titanium, ii. 431 

tungsten, ii. 452 

uraniam, Ii. 428 

yttrium, ii. 482 

zinc, ii. 389 

: — zirconia, ii. 478 

— emerald, ii. 470 

— ferro-arsenical sulphuret of cop 

per, ii. 406 

— fluor spar, ii. 373 

— fluoric minerals, ii. 470 

— galena, ii. 412 

— graphic ore, ii. 436 

— green tourmaline, ii. 471 

— grey oro of tellurium, ii. 436 

— gunpowder, ii. 353 

— harmotome, ii. 375 
•— indigo, ill. 4d 



Amafyns of kryoUte, ii. 4Tr 
~lencite,ii.S59 

— light, i. 299 

— limestones, ii. 970 ; iii. 

— magnesian limestones, iL 171 
minerals, ii. 9t8 

— magnetic pyrites, ii. 284 

— marles, iii. 222 

— menachanite, ii. 431 

— minerals ingeaeral, ii. tt2 

— mineral waters,!. 146 ; ii.4M, 
— - molybdate of lead, ii. 460 

— murio-carbdnate of ietd, IL 4 
sulphate of meivwy, ii. 

— native antimony, ii. 416 

oxides of iron, if. 383 

_« phosphate of copper, iL 

tellurium, ti. 415 

— needle ore of Siberia, ii. 421 

— ores, i. 148 

— ores of iroa, ii, 883 

manganese, ii. 881 

nickel, ii. 456 

— oxide of bismuth, ii. 428 
zinc, ii. 380 

— pechblende, ii. 429 

— pharmacolite, ii. 447 

— pitch ore of uranium, ii. 429 

— phosphate of iron, ii. 887 

— potassium compounds, ii. 331 

— red ore of antimony, ii. 417 

— salts of cadmium, ii. 408 

— salts of lead, ii. 413 

— selenium ore,ii. 442 

— serpentine, ii. 379 

— siliceous compounds, ii. 469 

— sodalite, ii. 363 

— soils, iii. 316 

— spinelle, ii. 472 

— sulphate of iron, ii. 386 

. lead, ii. 412 

lime, ii. 371 

magnesia, ii. 376 

\ nickel, ii. 457 



ANA 



ANT 



Amafytis of sulphate of foda, ii. 361 

— tulphoret of antimony, ii. 416 

— anenic and iron, ii. 446 

bismnth, ii. 421 

iron, ii. 384 

— lead, antimony, and copper, 

ii. 418 

lead, copper, and biamntfa, 

U.421 

— molybdenom, ii. 450 

rinc, ii. 391 

— tin ores, ii'. 396 

— titanite, ii. 431 

— toormaline, green, ii. 471 
•— tungstate of lime, ii. 452 

— nranite, ii. 429 

— vegetable sabstances, iii. 10 

— white cobalt glance, ii. 425 
— ore of antimony, ii. 416 

— — r- silver ore, ii. 463 

— wolfram, ii. 454 

— yellow ore of tellurium, ii. 436 

— zircons, ii. 478 

Am^lflkml chemidryy history of, i. 141 

improved by Bergman, i. 140 

processes of, ii. 332, 351 
Amtiiue, ii. 195 

iii^gics tf ayttaby measurement of, i. 199 
Amk9iriU,^.eeTi iu.290 
Amkifdmu gypsum, ii. 67 
f, iii. 203 

oils, iii. 208 

Oil, Dippel's, iii. 173 

substances, iii. 172 

primary, iii. 172 

complicated, iii. 175 

— - analysis of, i. 177 

putrefaction of, iii. 173 

principles, ultimate, iii. 172 

-^ — proximate, iii. 175 

functions, iii. 210 

charcoal, iii. 173 

heat, iii. 225 

electricity,!. 882 



Animal chematry, iii. 172 
AnimaUf effect of light on, i. 179 

killed by electricity, i. 268 
Afmealmg ofgla»$j ii. 302 
AimotUh Hi* 121 

An^Me for hanfla as a poison^ ii . 89 
AnHents, metals known to the, ii. 8 
iiiitiiiioiiaii«(chlorideofantinK>ny),ii. 176 
AnHnumal powder, ii. 180 
Antimomalu pulvis, ii. 180 
Antimtmiaie of ammonia, ii. 176 

potassa, ii. 176 
AnHmomc acid, ii. 175, 176 
AMtimoHii oxydum, ii. 173 

sulphuretum precipitatnm, ii. 179 
AnHmoniouM acid, ii. 175 
Antimomum tariarizatum, iii. 81 
Antimony, ii. Z, 172,527 

acetate of, iii. 169 

acidifiable, ii. 176 

action of acids on, ii. 177 

alloys of, ii. 182 

analysis of ores of, ii. 415 

argentine flowers of, ii. 174 

arseniate of, ii. 210 

Basil Valentine on, i. 38 

burns in chlorine, i. 216 ; ii. 17 

butter of, ii. 176 

chloride of, ii. 176, 527 

combustion of, ii. 173 

compounds of, analyzed, ii. 415 

crocus of, ii. 178 

diaphoretic, ii. 174 

flowers of, ii. 174 

golden sulphur of, ii. 179 

glass of, ii. 178 

hydrosulphurettcd oxide of,ii. 179 

iodide of, ii. 177, 527 

liver of, ii. 178 

native oxide of, ii. 172 

nitrate of, ii. 177 

obtained pure, ii. 172 

ores of, ii. 172, 115 

oxalate, iii. 348 

oxidesof,ii. 173, Ul^itr 



ANT 



ARS 



Antinumyj peroxide, ii. 1749 ^^ 

phosphuret of, ii. 180, 628 

phosphate, ii. 638 

precipitated snlphuret, iL 179 

properties of, ii. 173 

protoxide of, ii. 173, 527 

saffron of, ii. 178 

salts of, ii. 627 

sulphate of, ii. 178, 628 

snlphuret of, ii. 178, 627 

analysEed, ii. 416 

sulphuretted oxide of, ii. 170 

tartrate of, iii. 347 

tartrate of, with potassa, iiL 84, 847 

tartarised, iii. 84,347 

tests of, ii. 182,346,627 
Antiputrefaetwes, iii. 174 
Apothecaries' HoU, laboratories of, heated 

by steam, i. 246 
Apparatus, i. xiii. 312, 

chemical,improTedby Glauber,!. 51 
-Lavoisier on, i. 174, 181 

for coal gSLB, i. xiv. 430, 

— combastion of the diamood,i. 423 

— examination of mineral waters, 

ii.486 

hydro-pneumatic, i. 312 

Woulfe's, 1. 343 

contrived by Glauber, i. 61 

Apatite, ii, 70 
Apophyliitej ii. 313 
Aqunfortis, i. 355 

history of, i. 31 
Aqua-regia, i. 357 
Aqua'Sapkirina, ii. 154 
Aquatic plants evolve oxygen, i. 134 
Aqueous vapour in the atmosphere, i. 384 
Aquila alba, ii. 245 
AquUa mitigata, ii. 245 
Arago on refractive powers, i. 288 

polarization, i. 291 
Arbor Diana, ii. 274 
Arcanum duplicatum, ii. 41 
AnkU, iii. 126 



Ardent gpuit, iii. ISI 
^r«oiii€^ (hydrometer) iiL UO 
Affwedmm on litfaia, ii. 67 

on green tounDaline, iL 471 

on petalite, ii. 368 
Argidtrude (tartar) iiL 80 
Argentane, ii. 270, (chloride of silnr) 
ArgeKttUe qf omflumia, (fnlmiimting 

ver) 
ArgenH fdtras, ii. 273 
Argentvujtowers ef mUtmemg^ iL 174 
Argentum vtnim, ii. 242 
ArgiUaceous iron stotte^ ii. 114; iiLSM 

lime stone, iiL 296 
ilf^,iii.80 

Amoldy of VUlaNQva, L 13 
Arragomte^ ii. 71, 376 
Arrangement, chemical, i. ix. 101 
Arrow-root, iii. 34 
Arsemates, ii. 207, 632 - 

metallic, native, ii. 210 

of ammonia, ii. 807, 632 

— antimony, ii. 210 

— baryta, u. 206, 632 

— bismuth, iL 210, 633 

— cobalt, ii. 210, 533 

— copper, ii. 209, 633 
analyzed, ii. 446 

— iron, ii. 209, 532 

— lead, ii. 210, 447,633 

— lime, ii. 208, 447,532 

— magnesia, ii. 208, 532 

— manganese, ii. 208, 532 

— mercury, ii. 259 

— nickel, ii. 236 

— potassa, ii. 207, 532 

— silver, ii. 279, 541 

— soda, ii. 208, 532 

— strontia, ii. 208, 532 

— tin, ii. 209, 532 

— uranium, ii. 210 

— zinc, ii. 209, 532 
Arsenic, ii. 3, 202, 631 

acid, i. 168 ; ii. 203, 206, 631 



ARS 



ATM 



ie acid, properties of,ii. S06 
alloy of potassiam with, ii. 215 
alloys of, ii. 215 
analysis of ores of, ii. 444 
butter of, ii. 211 
chloride of, ii. 210, 531 
compound of, with hydrogen, ii. 211 
compounds of, analyzed, ii. 444 
effect of the blow-pipe on, ii. 841 
hydriodate of, ii. 211 
hydruret of, u. 15,212 - • \-' 
iodide of, ii. 211 
instruction for the detection of, ii. 

216 
natiTe, ii. 203 
obtained, ii. 202 
oxides of,ii. 203, 531 
phosphate of, iL 215 
phosphuret of, ii. 215 
properties of, ii. 203 
sulphate of, ii. 215 
sulphurots of, ii. 213, 531 
tests of, ii. 216, 341,531 
white, ii. 204 

treatment for poisoning by 

ii.204 
— = — oxide of, ii. 203 



Arsenical cobalt, analysis of, ii. 425 

pyrites, ii. 215, 445 
Anenicane, ii.210 (chloride of arsenic) 
Artemci axffdum subUnuUum, ii.203 
Aneniau acid, i. 168 ; ii. 203, 531 

sources of, ii. 204 

properties of, ii. 204 
.tests of, 11.216, 631 
ArsenUe$, alkaline, ii. 205 

earthy, ii. 205 

metaUic, ii. 20C 
Arsenite of copper, i. 1G8, 206 

silver, ii. 279 
Arsenkareiied hydrogen, ii, 211 

decomposed by chlorine, ii. 213 
Artephius, i. 9 
Arterial bkod,n\.2^l 



Artificial tnedicated waters, i. 147 

camphor, ill. 63 

cold, how produced, i. 239 ; iii. 150 

fat,iii. 211 

gelly,iii. 179 

gems, ii. 304 
' gum, iii. 34 

tannin, iii. 46 

wax, iii. 209 
iU6Mh»,ii.l02,318 
Ascent in a baOoon, the first, i* 5 
Adunole, EUas, i. 23 
Asparagin, iii. 41 
Asparagus stone, ii. 70 
Aspect of granite, iii. 254,258 

mountain limestone, iii. 286 
AsphaUum,iu,76 
Amrfatida, iii. 66 
Assay pound, ii,^l 

furnace, i. xiii. xv. 

of metalliferous compounds, ii. 33isi 

— copper ores, ii. 411 

— gold, ii. 201 

— iron ores, ii. 383 

— lead ores, ii. 415 

— mercurial ores, ii. 469 

— silver ores, ii. 281 

— tin ores, ii. 401 

— zinc ores, ii. 396 
Atacandte, ii. 152 
Atmosphere, i. 370 

Priestley on the, i. 137 
Lavoisier on the, i. 175 
aqueous vapour in the, i. 384 
carbonic acid in the, i. 884, 429 
composition of the, i. 38 1 
effect of, on crystallization, i. 196 
mechanical properties of the, i. 371 
nitrogen in the, i. 381 
oxygen in the, i. 381 
pressure of the, i. 370, 371, 873 
Atmospheric otr, i. 369, 465 
analysis of, i. 380 
constituents of, i. 175 



ATM 



BAR 



Atmofphene otr, composition of, i. 9d4 

properties of, i. S70 

refraction of, i. 288 

weight of, i. 373 

electricity, i. 279 

pressure affects boiling point8,i.241 
Atomic theory, i. 82, 219 
Atropiay iii. 116 

its sulphate, iii. 116 
Attraction of metals for oxygen, ii. 12 

opposed by heat, i. 223 
^(/factum, aggregative, i. 192 

elective, i. 216 

electrical, i. 219 

gravitati?e. i. 102 

heterogeneous, i. 218 

homogeneous, i. 102 

chemical, i. 213 

Bergman on, i.79 

Berthollet on, i. 81 

Geoffroy on, i. 78 

Mayowon, i. 73 

Newton on, i. 75 

ilu^e,ii.3l9 
Aura electrica, i. 260 
Aurate ofpotassa, ii. 285 
Aurora boreaUs, i. 282 
Aurum musivum, ii. 144 
Automalite, ii. 312 
Aranturine,' ii. 307 
Axe stone, ii. 316 
Axinite, ii. 317 
Azote, 'ul76,ZA6 

described by Mayow, i. 70 
Azotane, i. 357 
Azure, ii. 192 



BACON, Lord, his character of the 
alchyuiists, i. 4 

Roger, i. 9 

his works, i. 10 

Balass nd>y, ii. 312 



Balhm, i. 168, 830 

history of the,i. 168 

hydrogen made by Cavalloy i. 118 

first ascent in a, i. 168 
Baham 1^ Pen^m. IW 

ofToln, iu. 108 

— sulphur (sulphur in oil) 
Balsams, iii. 66, 108 
Banenftf on colours, iii. 47 
Barege waters, ii. 602 
BariUa, ii. 63 

the alcali in, ascertained, ii. S6i 
BortaoR^i. 77, 612 
Barium, obtained, ii. 77 

analysis of compounds of, ii. 874 

its amalgam, ii. 77 

— chloride, u. 82, 612 

— iodide, ii. 82, 618 

— peroxide, ii. 78 

— phosphuret, ii. 87, 618 

— oxides, ii. 77, 618 

— properties, ii. 77 

— salts, table of, ii. 618 

— sulphuret,ii.83, 618 

— tests, ii. 612 
Bark of trees, iii. 2 

Peruvian, iii. 112 
Barks, iuAU 
Barley, conversion of, into malt, iii. 31 

its composition, iii. 87 
BarotUe (carbonate of bary tes) ii . 88 
Barometer, i. 370 

mountain, i. 371 

exhibits electric phaenomena,i. 266 

depression of, in a balloon, L 159 
Baroselenite, ii. 85 
Bartholomew Schwartz, discovery of gvs- 

powder attributed to, i. 12 
Barya, ii. 77 
Baryta, ii. 77, 512 

obtained, ii. 77 
. distinguished from s(rontia,ii. 04 

water, ii. 78 * 

its acetate, iii. 166, 346 



BAR 



BEN 



Bvyfa, appearance before the blow- 
pipe, ii. SS9 
-* arseniate, ii. 208, 532 

— aiBenite, ii. 205 

— base, ii. 77 

_ benzoate, iii. 106, 346 
-- bi-pboephate, ii. 87 
— -borate, ii. 88,614 

— camphorate, iii. 63 
— > carbonate, ii. 88, 613 
analyzed, ii, 374 

— cUorate, ii. 82, 612 

— chiomate, ii. 223, 634 

— citrate, iii. 05, 346 

— composition, ii. 77, 376, 618 
— hydrate, ii. 77,612 

— hydriodate,u.82,513 

— hydrosnlphuret, ii. 83 

— hypophosphite, ii. 87 

— byposolphate, ii. 84 

— hyposulphite, ii. 83, 513 
-*iodate,ii.82,613 

— muriate, ii. 82 

^^ _- used as a test, i. 143 

— nitrate, ii. 83, 613 

— oxalate, iii. 89, 348 
— phosphate, ii. 87, 613 

— phosphite, ii. 87, 613 

— properties, ii. 77 

. — salts, Uble of, u.612 

— seleniate, ii. 441 

— sesquiphosphate, ii. 87 

— solution, ii. 78 

— succinate, iii. 67, 316 
— sulphate, ii. 86, 613 
analyzed, ii. 374 

— sulphite, u. S4, 513 

— sulphorin*^, iii. 154 

— sulphuret, ii. 83, 613 

— tartrate, iii. 82, 347 

— tests, i. 142 ; u. 88, 339, 612 

— tungstate, ii. 228 

— uses as a test, i. 143 . ii. 88 
\y ui. 196, 300 



BattAi, origin of, iif. 801 

columnar, iii. 301 

aspect of iii. 302 

decomposition of, iii. 312 

localities of, iii. 801 
Bojt/Faleii^me, 1.28,97 

on antimony, ii. 3 

nitric acid, i, 30 

sulpharic aeid, i. 33 
Bas€$ m discing, iii. 47 
Basbuy chaUc, iii. 296 
Bastard sugar, iii. 25 
Bath-stone, iii. 295 

waters, ii. 602 
Bailey, on senna, iii. 116 
Battery, electrical, i. 267 

Toltaic,i.l87,270 
Baumf, on the Arbor Dianas, ii. 274 
Beccker, i.64 

his physica subterranea, i. C5 

— idea of material elements, i. C5 
Beer, manufacture of, iii. 128 

fermentation of, iii.*129 
BeetSMgar,\\i. 27 
Beguin on calomel, ii. 245 
BeU'mHal,n.lG2 

ore analyzed, ii. 399 
Beimet on the electricity of metals,!. 186 
Beimefs electrometer, i. 251 

electrical donbler, i. 266 
Ben'Neris,m.268 
Benzoaie of alumina, iii. 106 

— ammonia, iii. 104, 319 

— baryta, ui. 105,350 

— bismuth, iii. 106 

— cobalt, iii. 100 

— copper, iii. 106 

— iron, iii. 106 

— lead, iii. 104,106,350 

— lime, iii. 105, 350 

— magnesia, iii. 106 

— manganese, iii. 105 

— mercury, iii. 10.> 

— nickel, iii. 106 



BEN 



BIL 



Jienzoate of potassa,iii. lOo, S49 

— siWer, iii. 106 

— soda, iii. 105, 3o0 

— strontia, iii. 105 

— uranium, iii. 106 

— zinc, iii. 105 
Benzoates, iii. 104, 349 
Benzmc acid, i. 170 ; iii. 103, 349 

analysis of, iii. 104 
Benioin, iii. 103 
Berard on artificial fat, iii. 211 
Bergmatifi. 79, 138, 162 

his opinion of transmutation, i. 17 

— improTcment of analytical che> 

mistry, i. 140 
on aerial acid, i. 152 

— carbonic acid, i. 152 

— • carbonates of potash, ii. 43 

— chemical analysis, i. 141 
affinity, i. 149 

— crystallization, i. 197 

— elective attraction, i. 79, 153 
Berard on radiant heat, i. 293 
Berthollet on chemical affinity, i. 81 

— chlorine, i. 167 

— eudiometry, i, 383 

— fulminating silver, ii.269 

— gunpowder with chlorate of po- 

tassa, ii. 34 
Beryl, ii. 328 
Berzdius, on acetate of lead, iii. 168 

— acetic acid, iii. 163 

— amy late of lead, iii. 31 
** benzoic acid, iii. 104 

— on boracic acid, i. 454 

— carburet of sulphur, i. 452 

— cerium, i it 4, 197 

— citric acid, iii. 93 

— colouring matter of the blood, 

iii. 181 
^- columbiuro, ii. 230 

— cream, iii. 183 

— gallio acid, iii. 100 

— green tourmaline, ii. 471 



BerxeUm on gommate of lead, iii. 19 

— lactic acid, iii. 185 

— lithia, il. 341 

— lichen islandicos, iii. 125 
— nitrate of ammonia, i. SG9 

— nitrites of lead, ii. 107 

— oxalate of lead, iii. 88 

— oxides of antimony, ii. 175 

chromiiim, ii. 821 

manganese, ii. 106 

pUtinam, ii. 292 

— phosphate of baryta, ii. 87 

of lead, ii. 170 

silver, ii. 278' 

— rabilite, ii. 471 

— saccharate of lead, iii. 28 

— selenium, ii. 4, 201,440 

— serum, iii. 177 

— starch, iii. 33 

— sugar, iii. 28 

— sugar of milk, iii. 1&4 

— tannate of lead, iii. 45 

— tartaric acid, iii. 79 

— thorinum, ii. 4, 331, 482 

— ulmin, iii. 38 

— urine, iii. 197 

— wavellite, ii. 312 

— yttria,ii.330 
Bezoar mineral, ii. 174 
Bi'Carhonate of ammonia, i. 433,409 

— mngnesia, ii. 101, 517 

— potassa, ii. 45, 507 

— soda, ii. 54,509 
Bicarburetted hydrogen, i. 435, 469 
Bi-chhride of copper , ii. 150, 521 

of iron, ii. 116,518 

— mercury, ii. 247, 537 

— phusphorus, i.^9, 468 

— tin, ii. 142, 522 
Bi-hydroguret of carbon, i. 435 

of phosphorus, i. 412 
BUe, ui. 186 

action of, in the intestines, iii. 220 
of oxen analyzed, iii. 186 



BIL 



BLA 



py resin of, iii. 186 

peculiar matter in, iii. 186 

composition of, iii. 187 

calculi of^ iii. 187 
Miliary enknUy iii. 187 
Bmac€iaU ofleady iii. 168 

of alumina, iii. 170 
Bmanematt rfpctasta^ ii. ^207, 532 
^moxaUte offoiassay iii. 89 
Bki on refiractiTe powers, i. 288 

on air-bladders of fish, iii. 226 

-* polarization, i. 291 

and 6ay-Lo88;ic, ascent of in a bal- 
loon, i. 160 
Bi-penulphate qf mercury, ii. 257 
Bi^rkMipk&te (^ barytay ii. 87 

oflime,u. 60,512 

— magnesia, ii. 100, 516 
•» potassa, ii. 43, 507 

— soda, ii. 53, 509 
Bi'pko^huretted hydrogen, i. 410 
Bird-Umey iu. 36 

Bi$ewU of pottersy ii. 321 
BtMmidhy u. 3, 184, 528 

procured, ii. 184 

analysis of compounds of,ii. 421 

and gold, ii. 290 

itsaceUte, iii.169,350 

— alloys, ii. 186 

— arseniate, ii. 210, 533 

— benzoate, iii. 106 

— butter, iL 185 

— chloride, ii. 184, 528 

— citrate, iii. 96, 349 

— hydrosulphuretted oxide of, ii. 

186 

— iodate, ii. 185 

— iodide, u. 185,528 

— magistery, ii. 185 

— nitrate, ii. 185, 528 

a sympathetic ink, ii. 186 

— ores, ii. 421 
. analyzed, ii. 421 

— oxalate, ui. 92, 348 



Bimuthy oxide of, ii. 184, 346, 628 

— — ^ analyzed, ii. 423 

— salts, ii. 5^ 

— phosphate, ii. 186 

— phosphuret, ii. 186 

— properties, ii. 184 

— sulphate, ii. 186, 528 

— sulphuret, ii. 186,421, 528 

— tartrate, iu. 85,347 

— tests, ii. 346,528 
Bismuthic sUver cmalyzedy ii. 460 
Bismuthane {chloride of bismuth) ii. 181 
Bi-mlphate of amnumiay i. 379 

of manganese, ii. 108 
potassa, ii. 40, 506 

— soda, ii. 52, 508 
Bi-8idphuret of arsenic, ii. 531 

of copper, ii. 154, 524 

— iron, ii. 118, 519 

— mercury, ii. 255,638 
~ tin, ii. 144,522 

BUartrate qf ammoniay iii. 79 

of potassa, iii. 80 
Bitter principUy iii. 39 

artificial, ii. 40, 50 

salt, ii. 98 

spar, ii. 102 
Biitem, u. 98 
BiJtwiMn, elastic, iii. 76 
Biltumen8,m. 75 
Bitwnxnmis limestone , ii. 72 
Blacky Dr., his chemical researches, i. 
99,114 

on causticity, i. 115 

— change of state of bodies, i. 238 

— carbonates of potash, ii. 43 

— congelation, i. 120 

— fixed air, i. 116 

— heat, i. 117, 238 

— hydrogen for balloons, i. 158 

— liquefaction, i. 119, 239 

— magnesia, i. 115 

— on specific heat, i. 232 

— Taporization, i. 121, 244 



BLA 



BOR 



Slack ash, iodine obtained from, i. 32S 

coal, iii. 76 

dye for vegetable tfubstances, iii. 48 

ivory, iii. 216 

jack, ii. 136 

lamp, i. 418 

lead, ii. 121 

marble, ui. 288 

ore of tellurium analyzed, ii. 438 

oxide of iron, ii. Ill 
BUmc defard, ii. 185 
Bleaching, i. 819 

by sulphurous acid gas, i. 880 

liquor extemporaneous, ii. 34 

powder, ii. 68 
Blende, ii. 136 

analyzed, ii. 391, 393 
Blood, iii. 176 

arterial, iii. 221,224 

venous, iii. 221, 224 

effects of respiration on, iii. 223 

its albumen, iii. 177 

— aeration, iii. 223 
-—analysis, iii. 177 

— appearance, iii. 176 

— buffy coat, iii. 179 

— circulation, iii. 221 

— coagulation, iii. 176 

— colouring matter, iii. 180 

— composition, iii. 177 

— crassamentum, iii. 176 

— cruor, iii. 176 

— fibrin, iii. 179 

— red globules, iii. ISO 

— serosity, iii. 176 



— serum, iii. 176 



analyzed, 176 

— specific gravity, iii. 176 

Bhod-sioneyiu ZVr 

Blow-pipe f ii. 334 

oxybydrogen, i. 330 ' 

Blowpipe, directions for its use, ii. 335 
its action on earths, ii. 339 
metallic oxides, ii. 311 



Blow-pipe^ its action on metallic ack 
ii. 841 

urinary calculi, iii. 200 

Blower in coal mbtes, what, i. 442 
Bbte coUmrfnm coboH, ii. 191 

dye, iii. 48 

feldspar, iii. 253 

John, ii. 78 

lias limtstone, iii. 296 

Prussian, ii. 122 

Scheele oo, i. 170 

Saxon, iii. 48 

vitriol, i. 47; ii.|66 
Boerhaave, i. 112 

Boiler, for experiments on steam, I.Sil 
BoiUng and freezing simuUaneaaalif, h 
150 

point, i. 241 

varied by pressure , i. 241 

Boletic acid, iii. 107, 128 
Bologna pkiali, ii. 302 
Bolognian phospkonu, i. 304 ; ii. 88 
Bone earth, i. 405 
Bonee, iii. 212, 2U 

analysis of, iii. 215 

distillation of, iii. 216 

phosphoras from, i. 401, 405 
Boracic acid, i. 54, 453, 470 

native, i. 454 

minerals containing it, ii. 471 

obtained, i. 453 

detected in mineral waters, ii. 500 

reddens turmeric paper, i. 454 

tinges flame green, iii. 145 

its analysis, i. 454 

— compounds analyzed, iL 471 

— decomposition, i. 453 

— elements, i. 454 

— properties, i. 451 

— uses in analysis, ii. 470 
Boracite, i. 254 ; ii. 101, 470 
Borate qf ammonia, i. 454, 470 

baryta, ii. 88, 514 
cobalt, ii. 192 



BEN 



BRO 



^tfnU^i c9pptTy ii. 160, 525 

iroD, ii. 127 

leftd, ii. 17J 

lime, ii. 79, 512 

magnesia, ii. 101, 617 

mercDry, ii. 259, 539 

nickel; ii. 2S5, 637 

potaasa, ii. 46, 607 

8ilTer,ii.279,64l 

soda, ii. 66, 609 

•trontia, ii. 94, 515 

tin, ii. 146 

zinc, ii 138, 621 
air«l€t, metallic, ii. 22 
9l»rwr, i. 463 ; ii. 66, 363, 609 

calcined, ii. 66 

Qaed in glass-making, ii. 299 

as a flox, iL 337 

SwVM, 1.463, 470 

obtained, i. 453 
Sirwvfs, metallic, ii. 22 
iiitscfc M aihoR^, iii. 178 

gelatine, iii. 204 

mocos, iii. 189 

myrtle wax, iii» 53 

8aliTa,iii.l89 
Mryaiile, ii. 471 
iMIegiass,ii.S03 

Ibr specific grayity, ii. 7 
limBMi Lagnmge (m eon^^koraUs^ iii. 

BmUBen, granke, iii. 270 
^i. 141 

m picniorine, iii. 40 
life, analysis of, ii. 418 
1^,1.65,96 

chemical tests used by, i. 140 
on combastion, i. 61 
' — the g^daation of the thermome- 
ter, i. 88 
99fk'8findHg Uquor, i. 400 
9rmameamp on gubpenUtrate qf mercury^ 

ii.263 
^rmcmoMl tm acetate ef mercury, iii. 170 
VOL. III. 2 



Bracoiuui on dyeing with snlphoret of 
arsenic, ii. 214 

— boletic acid, iii. 107 

— the conyersion of wood into gom 

and sugar, iii. 42 

— (at and oil, iii. 209 

— formation of nlmin, iii. 43 
•^ ellagic acid, iii. 108 

— fongin, iii. 41, 108, 126 

— gallic acid, iii. 99 

— gelatine, iii. 204 

— leucine, iii. 207 

— malic acid, iii. 97 

— zomic acid, iii. 108 
Bradley mUgkt,!. 286 
Brakiy iii. 211 
Branehei of trees, iii. 2 
JBhmdy,iii. 131, 136 
iTnut, ii.S, 160 

analysis of, ii. 161 

its expansion by heat, i. 224 

— composition, ii. 161 
Brazil wood, iii. 114 

infusion of, is a test, iii. 114 
Breccia grcaatic, iii. 273 

primitiye, iii. 273 
Brewing, process of, iii. 128 

by steam, 1.^6 
Breweter on polarizatum, i. 291 
Bricks, oil of, iii. 56 
Brighton waters, ii. 502 
BriUuads, i. 415 i 

Brinutome, i. 386 
Bristol diamonds, ii. 306 

waters, ii. 502 
British gum, iii. 34 
Brittle metals, list of, ii. 9 
Brodie on animiU heat, iii. 226 

on poisoning by arsenic, ii. 204 

— oil of almonds, iii. 119 
Bronze, ii. 162 

Brooks on oxyhydrogen bUnc-yipe, i. 330 
Brownrigg, Dr., chemical discoyeries of, 

i. 116 
b 



BRO 



CAM 



Broum gtout, iii. 136 
Bruce on native magneria, ii. 95 
Brucine, iii. 73 

Brunswick greefi, ii. 154 ; iii. 81 
Bucholz on lycopodium, iii. 121 
OD molybdenum, ii. 218 

— sulphuret of molybdenum, ii. 461 

— tuDgsteu, ii. 225 
-^ uranium, ii. 193 

Bvffon'a theory of the earth, iii. 238 

Bi(fy bloody iii. 179 

Bulbsy iii. 124 

Burnetts theory of the earth, iii. 231 

Butter, iii. 183 

is phosphorescent, i. 304 

of antimony, ii. 177 

— arsenic, ii. 211 

— bismuth, ii. 185 
^ milk, iii. 183 

— tin, ii. 142 

— sdnc, ii. 134 
milk, iii. 183 

Buxton waters, ii 602 



CADET on cqfee, iu. 120 

— garlic, iii. 124 
Cadhiium, ii. 4, 146, 402, 523 

procured, ii. 146, 402 

analysis of compounds of, ii. 402 

its carbonate, ii. 404, 623 

— chloride, ii. 623 
— • iodide, ii. 623 

^ nitrate, ii. 403, 523 

— oxide, ii. 147, 346, 402, 523 

— phosphate, ii. 623 

— phosphuret, ii. 623 

— salts, ii. 523 

— sulphate, ii. 403, 623 

— sulphuret, ii. 623 

^ tests, u. 146, 346, 402, 623 
Caimgorm, iii. 268 
Calamine, ii. 137 

analyzed, ii. 394 



Cdeareaus spar, i. 198 ; ti. 70 

Calcined borax, ii. 66 
mercury, ii. 243 

Colds murias, ii. 62 

Colcttem, ii. 60, 510 
obtained, ii. 60 

analysis of its compoundi, H. 99 
its chloride, ii. 62, 610 
— - fluoride, ii. 73, 75, 61S 

— iodide, ii. 64, 611 

— oxide, ii. 60, 610 

— peroxide, ii. 62 

— phosphuret, ii. 68, 611 

— salts, table of, ii. 610 

— sulphuret, ii. 66, 611 
Calculi biliary, iii. 187 

fusible, iii. 201 
mulberry , iii. 201 
urinary, i. 170 ; iii. 900 
-: — varieties of, iii. 200 

CtUcuhts triple, iii. 200 

Calico printing, iii. 62 

CaUmel, i. 170 ; ii. 244 
first described, i. 40 
its ancient names, ii. 215 

— composition, ii. 247 

— decomposition, ii. 250 

— preparation, ii. 245 

— properties, ii. 217 

— purity, test for, ii. 217 
Caloric, i. 174, 248. See Heat, 

LaA'oisier on, i. 174 
Calorific rays, i. 293 
Calorimeter, i. 234 
Calx, i. 60 

hydrargyri alba, ii. 2S1 
Calxcs, theory of their formatioD, l (^ 
Cameleon mineral, ii. 106 
Camphor, iii. 61 

artificial, iii. 63 

acidification of, iii. 62 
Camphorate of anummia, iii. 68 

baryta, iii. 63 

lime, iii. 63 



CAM 



CAR 



Campkoraie of potassa, iii. 6S 

soda, iii. 63 
Camphorate$y iii. 63 
Camphoric acidf iii. 62 
Canton on the eompressUnlUy of water, i. 338 

— phosphorescence, i. 306 
CamioiCe phosphorus, i. 304 
€kumtckimc, iii. 36 

mineral, iii. 76 

solution of, in ether, iii. 36 
€kipaeityfor heat, i. 232, 234 
Ctqmt mortuum vUrioli, ii. 120 
Carbon, i. 414, 469 

its pure forms, charcoal, i. 417 

diamond, i. 414, 423 

— lamp black, i. 418 
crystallized, i. 414 

its chlorides, i. 433, 469 

— combustion, i. 422 

~ hydro-chloride, i. 437, 469 

— hydriodide, i. 438 

— oxide, i. 420, 4G9 

— phosphuret, i. 452 

— sulphuret, i. 451, 470 

— combination with chlorine, i.433, 

469 

hydrogen, i. 436, 469 

iron, ii. 121,129 

metals, ii. 22 

nitrogen, i. 440, 469 

oxygen, i. 420, 469 

phosphorus, i. 452, 470 

— — • sulphur, i. 451, 470 
Carbonate of ammonia, i. 431, 460 

procured, i. 431 

baryta, ii. 88,513 

analyzed, ii. 374 

cadmium, ii. 404, 523 
cerium, ii. 198 
cobalt, ii. 192, 529 
copper, ii. 168, 62o 
iron, u. 122, 620 
lead, u. 170, 527 
analysed, ii. 414 

2b 



Carbonate of lime, i. 198, 429 ; ii. 70, 612 

-^ — analyzed, ii. 370 

native, ii. 70 

• phosphorescent, i. 804 

lithia, ii. 69, 610 

magnesia, ii. 100, 617 

analyzed, ii. 378 

manganese, ii. 109, 618 

mercury, ii. 268, 639 

morphia, iii. 70 

nickel, ii. 236, 636 

potassa, i. 221 ; ii. 43, 363, 858, 607 

purity of, ii. 358 

silver, ii. 279, 641 

and anunonia, ii. 279 

soda, ii. 63, 362, 609 

in mineral waters, ii. 499 

strontia, ii. 93, 376, 616 

titanium, ii. 196 

tin, ii. 145 

zinc, ii. 137, 621 
Carbonated mineral waters, ii. 602 
Carbonates, i. 429 

exist in mineral waters, ii. 490, 497 

metallic, ii. 22 

tests of the, ii. 490 
Carbonic acid, i. 152, 177, 422, 469 

procured, i. 426 

solidifies solution of muriate of lime, 
ii. 63 

in the atmosphere, i. 384, 429 

in urine, iii. 102 

of mineral waters, i. 427 ; ii. 489, 492 

retards putrefaction, iii. 174 

produced from the diamond, i. 177, 
423 

obtained by Dr. Qrownrigg, i. 116 

Bergman on,i. 152 

Priestley on, i. 120 

its absorption by charcoal, i. 419 
by water, i. 427 

— analysis, i. 430 

— composition, i. 422, 469 

— decomposition, i. 430 



CAR 



CER 



Carhcme acid, its production by com- 
bastion, i. 422, 429 

fennentation, iii. 130 

respiration, i. 429 : iii. 222, 

225 

— properties, i. 429 

— refraction, i. 288 

— solution of lime, iii. 311 

— tests, i. 143, 429 ; ii. 70, 489 

— weight, i. 154, 422 
Carbomc oxide, i. 420, 469 

procured, i. 420, 430 

its absorption by charcoal, i. 419 

— analysis, i. 421 

— combustion, i. 420 

— combination with chlorine, i. 301, 

421 

— composition, i. 421 

— properties, i. 420 
Carburet of nitrogen, i. 446 

— phosphorus, i. 452 
•— sulphur, i. 451 

CarburHs, metallic, ii. 22 

— of iron, i. 168; ii. 121,129 
Carburetted hydrogen, i. 435, 469 

procured, i. 435 

from oil, i. 441 

• — coal, i. 439 

action of chlorine on, i. 437 
economical application of, i. 439 
light of, i. 441 
its absorption by charcoal, i. 419 

— analysis, i. 436 

— combination with chlorine, i 

437 

— combustion, i. 435 

— composition, i. 436 

— decomposition, i. 13G 

— properties, i. 435 

— refraction, i. 288 
Carglaise tin mine, iii. 271 
Carlsbad waters, ii. 502 
Camme, iii. 51 
Carmiiman, iii. 5 1 



Otmeluui, ii. SOT 

Carrot, composition of, iii. 37 

CaacanOa, iii. 114 

Casaaca, iii. 35 

CoMmu, powder of, ii. 143, 287 

Cast triwi, grey, il. 127 

white, ii. 127 

varieties of, ii. 127 
Cast steel, ii. 129 
Catechu, iii. 44 
Caustic, lunar, ii. 274 

potassa, ii. 31 
Causticityy Black on, L 115 
CavaUo, made the first hydrogen hi 
loon, i. 158 

his electrical multiplier, i. 266 
Care of Fingal, iii. 803 
Cavendish, i. 138, 150 

on eudiometry, i. 883 

-^ fixed air, i. 157 

— hydrogen, i. 156, 326 

— inflammable air, i. 157 
^ nitrous air, i. 157 

~ nitric acid, i. 33, 156, 352 
Cavcvion, on brucine , iii. 73 

— cinchona, iii. 112 

— sulphate of morphia, iii. 70 

— strychnine, iii. 72 
Cavern in limestone, iii. 286 
Cawk, ii. 85 

Celestine, ii. 92 

Cementation, ii. 129 

Centipede, luminous, i. 305 

Centigrade thermometer, i. 90, 

Cerasin, iii. 20 

Cerates, iii. 54 

Cerebral substance, iii. 212 

Ccrin, iii. 54 

Cerine, iii. 43, 54 

Cerite, ii. 197 

analyzed, ii. 432 

Cerium, ii. 4, IW, 530 
acetate of, iii. 169 
analysis of its ores, ii. 43i 



CER 



CHE 



Cnranity minerali coBtsiiiiiigy ii. 197, 4S2 

muriate of, ii. 198 

oxides of, ii. 198, S44, 6S0 

prepared, ii. 197 

preparations of, ii. 198 

sulphate of, ii. 198 

tartrate, iii. 86 
, test for, ii. 344 
Ceruse f ii. 170 
Cetic acid, iii. 211 
C€«tJif, iu. 211 
C^UmiU, u. 312 
CkabatiU, ii. 813 
Chaleeiomf, ii. 307 
Cftidfc, ii. 72; iii. 293 

its geological relations, iii. 295 

situation, iii. 296 

basins, iii. 296 

beds described, iii. 296 

its localities, iii. 296 

organic remains in, iii. 296 
C!kabfbe«Uewaien,u,5^ 

— tested, ii. 490 
ChameUfm mmertUy ii. 106 
Ckmge qf state^ by chemical afl9nity, i. 
214 

produces electricity, i. 268 
Ckaraetenof the $ecen. ancient metaUfU. 3 
Characten of primitive roeksj iii. 267 
Ckarconl, i.Al7 

obtained, i. 417 

properties of, i. 418 

is antiseptic, i. 418 

absorbs gases, i. 419 

its increase in weight in the air, i. 
419 

quantity produced bydifferentkinds 
of wood, i. 418 

prepared for gunpowder, iii. 162 

animal, iii. 173 
Charge, electrical, i. 260 
Charies, his ascent in a balloon, i. 150 

and Roberts, their ascent in a bal- 
loon, i. 158 



Cheeu, iii. 183 

Cheese-icring Tor, iii. 27^ 

Chdtenham waters, ii .502 

Chemicai action, i. 213 

its general effects, i. 214 

the result of aflSnities, i. 214 

requires apparent contact, i. 

216 

induced by electricity, i. 274 

solar light, i, 301 

voltaic light, i. 341 

heat, i. 216 

affinity, i. 213 

Bergman on, i. 149 

— Davy on, i. 81 
Geoffiroy on, i. 78 

Mayowon, i. 74 

Newton on, i. 75 

Pfeffon, i. 81 

Richter on, i. 83 

how exerted, i. 214 

modified, i. 216 

definite,!. 214, 210 

diagrams of, i. 218 

^ estimate of its strength, i. 216 

illustrations of, i. 213 

modified by cohesion, i. 216 

heat, i. 216 

agency of the Voltaic pile, i. 187, 

269 
apparatus, i. xiii., 312 ; ii. 486 
arrangement, i. ix., 101 
attraction, i. 213 
changes, general laws of, i. 191 

influence of radiant matter in 

producing, i. 166, 300 
occasioned by electricity, i. 

186 
composition indicated by crystal- 
line characters, i. 213 
decomposition, i. 216 
equivalents, i. 222 

table of, i. 464; u. 506 ; iu. 345 

elements of the alcbymists, i. 43 



CHE 



CHL 



Chemical laboratory, i. xiii. 

medicines introdaced, i. 37, 89 
nomenclatiire>J. 173, 176, 183, 309 
Ubles, Geo£froy's, i. 78, 217 

ChemUtryy defined, i. 191 
its objects, i. 191 

— history, i. 1 

classification of its objects, i. 191 
Tegetable,iii. I 

pneumatic, improved by Priestley, 
i. 127 

analytical, improved by Bergman, 
i. 141 

' — Klaprotb, i. 148 

ChaufoiXf on analysis of siliceous mine- 
rals, ii. 470 

— arseniates of copper, ii. 209, 446 
-; • iron, ii. 209 

— calomel, ii. 216 

— chlorate of fioda, ii. 50 

— murio-carbonate of lead, ii. 414 

— phosphate of copper, ii! 168 

— pyro-acetic spirit, iii. 164 
Cherry-tree gum, iii. 20 

ChiviUot on mineral chameleon, ii. 106 
Chevretd on artificial bitter principle, iii. 
40 

— camphor, iii. 62 

— cerin, iii. 43 

* 

— cetic acid, iii. 211 

— cholesterine, iii. 187 

— fat and oil, iii. 209 

— hematine,iii. 39 

— indigo, iii. 49 

— margaritic acid, iii. 210 

— oleic acid, iii. 210 

— oils, iii. 65 

— subnitratc oflead, ii. 167 

— snbnitrites oflead, ii. 167 

— sulphite of copper, ii. 156 
CkUdren,on cerium, ii. 197 

on cadmium, it. 147 
^. iridium, ii. 263 

— meteoric iron, ii. 412 



Children on a large Toltalo battery, 
277; ii. 196 

— the tLse of the blow-pipe, it SS5 
CSUmfrofwsD, iii. 268 

CAtNa, porcelain, ii. 321 
Chhrate cf ommoiita, i. S65, 466 
ofbaryta, 11.82,519 

— bismuth, ii. 186 

— copper, ii. 162 

— lead, ii. 166, 626 

— lime, ii. 63, 611 

— lithia,ii.610 

— magnesia, ii. 97, 616 

— manganese, U. 107 

— mercury, ii. 251, 637 

— potassa, i. 311 ; ii. S3, 361, 6ft» 

— _ composition of, ii. 36, 506 
detonates with combostiblef 

ii.3S 

— -^— action of solpharic add on 

i.320; ii.34 

— silver, ii. 272, 640 

— soda, ii. 60, 507 

— strontia, ii. 90, 514 

— zinc,ii. 135,620 
Chhrates, i. 322, ii. 14 
Chloric arid, i. 322, 464 

procured, i. 322 
its properties, i. 322 

— composition, i. 322, 341 

— action on metals, ii. 14 
ether, i. 437 

oxide, i. 321, 464; ii.34 
Chlorides, ii. 13 
native, ii. 4 
nomenclature of, i. 309 
of antimony, ii. 17G, 527 

— arsenic, ii. 210, 531 

— barium, ii. 82, 512 

— bismuth, ii. IJU, 528 

— cadmium, ii. 523 
~ calcium, ii. 62, 510 
absorbs ammonia, ii. 6S 

— carbon, i. 433,469 



CHL 



CHR 



— copper, ii. 150, 624 
analyzed, iL 40i 

— gold, u. 2&4, 542 

— iodine, i. 825, 46i 

— iron, ii. 115, 518 
analyzed, ii. 8M 

— lead, ii. 165, 526 

— lithia,ii. 58,510 

— magnesium, ii. 96, 515 

— manganese, ii. 106, 517 

— mercaxy, ii. 244,537 

— nickel, ii. 233, 536 

— nitrogen, i. 357, 465 

— pbosphom^ i. 409, 466 
decomposition of water by, 

i.409 

— platinum, iL 293 

— potassium , ii. 32, 505 

— seleniom, ii. 411 
-~8llTer,u.270,540 

— sodiom, ii. 48, 361 , 507 

— strontium, ii. 90, 514 

— sulphur, i. 397, 467 

— tellurium, ii. 200, 530 

— tin,ii. 141,522 
analyzed, ii. 396 

— uranium, iL 193 
— > zinc, ii. 134, 520 
analyzed, ii. 390. 

'Mtrime, i. 166, 309, 318, 464 
BerthoUetpn, i. 167 
Davy on, i. 167, 318 
8clieele,L167,318 
its action on carbnretted hydrogen, 
L437 

—. ammonia, L 366 

copper leafi ii. 150 

geld, U. 284 

— nature, L 320 

— oxide, i. 320 

— preparation, i. 318 
«— properties, i. 318 

— tolation, i. 319 



CUorme, its action supports combnstioii, 
i. 310 

— weight, i. 319, 464 
charcoal heated in, i. 319 
combines with carbon, i. 433,400 
carbonic oxide, i. 301 

carbnretted hydrogen, L 4S7 

cyanogen, i. 448 

hydrogen, L 341, 466 

by solar light, i. 301, Ml 

iodine, L 324,464 

metals, i. 319 ; ii. 13 

nitrogen, i. 357, 465 

oxygen, i. 320, 4&1 

phosphorus, 1.319,408,466 

sulphur, i. 396, 467 

Chlariodic acid, i. 325,341, 464 
Chlofiodmey L 325, 464 
ChloroeaHnmic acid, L 421 , 460 
dUonKyomc acid, i. 448, 470 

composition, i. 449 
CUoriU, iu, 281 
Chloroplume, ii. 74 
ChlorophiU (from leaves), 
CiUortNU odd, L 322 

oxide, i. 320 
Choak-dan^, i. 116, 429 
ChokaUrime, iii. 187 

ChmUmt on carbonate of morphia, iii. 
70 

— meconiate of ammonia, iii. 71 
Chromate of ammonia, iL 223, 634 

baryta, ii. 584 
iron, ii. 222, 534 

analyzed, ii. 452 

lead, ii. 222, 535 

analyzed, ii. 451 

lime, ii. 534 
mercury, ii. 222, 259 
potassa, ii. 223, 534 

used as a test, ii. 224 

silver, ii. 279, 542 
soda, ii. 223 
Chromic acid u. 221 ,534 
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Chromic acid, its properties, ii. Stt 
Chrtmmm, ii. 4, 221 , 634 
its oxides, ii. 221, 634 

— ores analyzed, ii. 461 

— properties, ii. 221 

— salts, ii. 634 

— tests, ii. 342, 634 

— appearance before the blowpipe,, 

ii.842 
Chr990coUa, ii. 169 
Chryaotite, ii. 102, 312, 381 

of VesuYias, ii. 316 
Ckrymfprase, ii. 307 
Chyazic acid, ferruretted, ii. 126 

sulphuretted. 
Chyle, iii. 219 

its properties, iii. 219 

— coafpilation, iii. 219 
Chyme, iu. 217 
Cider, iii. 136 
CtiicAoiui,iii.ll2 
CtficAontii^, iii. 112 

its gallate, iii. 113 

— muriate, iii. 113 

— nitrate, iii. 113 

— sulphate, iii. 113 
Ctimo^ar, ii. 242, 255 

how prepared, ii. 255 

its nature, ii. 256 

native, ii. 256 

analysis of, ii. 459 

Cinnamon stone, ii. 314 
Circulation of the blood, iii. 222 
Citrate of ammonia, iii. 94, 349 

baryta, iii. 95, 349 

bismuth, iii. 96, 349 

cobalt, iii. 96, 349 

copper, iii. 96, 349 

iron, iii. 349 

lead, iu. 96, 349 

lime, iii. 94, 349 

magnesia, iii. 95, 349 

manganese, iii. 95, 349 

mercury, iii. 96, 349 



Cttnile qf Bickely iiL 90, SIS 

potassa, iii 94,310 

silver, iii. 96, 849 

soda, iii. 91, 349 

strontia, iii. 96,340 

tin, ui. 05, 340 

uranium, iii. 96 

zinc, iii. 96, 340 
CUrie acid, i. 170; iii. 93, 340 

procured, 1. 170; iiL 93 

properties of, iii. 03 

its combinations, iii. 04 

— composition, iii. 04 
CUuaen^themetaliyiLW . 
aoMi/ScaHm 4/ mefiaf, ii. 86 
Clay, ii. 320 

marly, ii. 320 

pipe, ii. 320 

porcelain, ii. 320 

potters', ii. 320 
Claying of Sugar, iii. 96 
Clay vronstmu, ii. 114 ; iii. 204 

slates, iii. 280 
Cleavage of cryttah, i. 197 
dement on carbonic oxide, i. 420 
Clunch, iii. 292 
Clyssus of nitre, ii. 38 
Coagulihk lymph, iii. 179 
Coagulation of the blood, iii. 176, 179 
CoaguJum of the blood, iii. 176 

chyle, iii. 219 
Coak, iii. 77 ^ 

Cool, iii. 76; iii. 291 

black, iii. 76 

varieties of, iii. 76, 298 

mines, iii. 292 

geological situation of, iii. 291 

glance, iii. 77 

origin of, iii. 293 

pit, iii. 76 

products of, i. 440 

basin, iii. 293 

best kinds of for gas-making, i. 44( 

gas, i. 439, 442 



COA 



COL 



*4flif«t, obtained by Dr. Halet^ 1. 101 

— i^ptntai, i. ziT. 4S0 

— porificatioD of, i. 419 

— anal jdf of, i. 445 

Biiiea, fire-damp of; i. 442 : iii, Xtt 
"twiing f&r rHtfUj i. 40> 
:^Mf, it S, 187, 5» 

analjsif of its oompoundSyiL 4S4 

and akkel separated, ITIttS 

unpnre, analysed, ii. 424 

itsaeeUte,iiLieO 

— alloys, ii. 192 

— ammoniaret, ii. 199 

— aiseniate, ii. 187, 210, 6SS 

— beiiaoate,.iii. 106 

— borate, ii. 192 

— carbonate, ii 192,529 

— chloride, ii. 188, 529 
^ citrate, iii. 96, S49 

— fenoc^anate, ii. 192 

— hydrate, ii. 188 

— hydrosiilphiiretted oxide, ii 191 
^ iodide, ii. 190 

— srariate, ii. 189, 529 

— nitrate, ii 190 

— ores, ii. 187 
analyzed, ii. 421 

— oxalate, iii. 92, 348 

~ oxides, ii 188, S47, 529 

— peroxide, ii. 188,529 

— phosphate, ii. 191, 529 

— phosphoret, ii. 191, 529 
-^preparation, ii. 187 

— properties, ii. 188 

— protoxide, ii. 188, 529 

— solphate, ii.l90,529 
-• anhydrons, ii. 190 

— snlphuret, u. 190, 629 

— tartrate, iU. S47 

— tests, ii. 102, 247, 529 
and gold, ii 290 
blue, ii. 191 

CscdnifitB, iii. 51 
CsdMaesX, iii. 51 
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CsMsiite,iiS19 
Uccalss /ndiciit, iiL 40 
CVer, iii. 120 
Cokmrnnji, 192 

its inflaence orer chemical attrac- 
tion, i 216 
aiEe,iii77 

CtfctMar, i. S2, S$ ; ii. 120 
CSaU, supposed nature of; i 94 

sensation of, i. 2S8 

radiatioo of, i 01 

reflection of, L 91 

produced by liquefiiction, L 2W 

en^oration, L 122, 247 ; iii. 

149,150 
expansion of water by, i. 288 
artificial, i. 120, 122, 247 ; iii 149 
produced, L 2S0 ; iii. 149, 150 

CM-AoHvm 

CdamtdJUaniy iii. 145 

Cploarcd fioft, U. 304 

Cdamimg tmaiUr, iii. 47, 114 
of Mood, iii 180 

— flowers, iii. 117 

— finits, iii. 122 

— woods, iii. 115 
CUoart, theory of, i 202 

aflect the receptive powers of bodies 

lor solar heat, i. 298 
do not affect the receptire power 

of bodies for terrestrial heat, 

i.209 
vegetable, destroyed by cfaloiine, 

i.319 

charcoal, i 418 

—^ sulphurous add, L 188 

action, L215 



changed by 

adjective, iii. 47 

snbstantiTe, iii 47 

in dyeing, iii. 47 

of steel, u. 13S 
CvkaiMs ^ jwtasss, ii 201, 616 
Co/asiMe odd, a. 2W,5I6 
CilMNMe, u. 2M, 454 
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acidof,ii.830,ks& 

ores of, ii. 229 

— analysed, ii. 454 

i^n>p^tti^8of,ii.'Sl^ 

oxide of, ii. 280, 848, ttS 

preparatiooB of, ii. 280 

tesU of, ii. 281, 8^ 
CUttnm, electriiil, i. 270 
Combined heatj i. Sbo 
CmabutHble MtM, 'skpie, i. ^ 
CmkuttioH, historf of t6'etttedi7 of, i. 60 

alchyidical iiotioti of, l.'flo 

HookeVtheory of,'i. 59, 180 

■ ■ ■ * 

Phlogistic hypothesis of, i. 64 
Stahl's hypotheses of, l.lMi, ttl6 
lAtoisler on, i. 176, 817 
iiattire"of, i. 817 
increases the weight of bodIeii,f.M, 

66 
sopported by oxygen, i. 8l6 
consumes oxygen, i. 816, 817 
simple supporters of,' i. 809 
without flame, i. 806 { 

ofthemetals, ii. 12 

— alcohol, iii. 144 

— iron in oxygen, ii. Ill 

chTorhfte, il. 116 

•-< the diamond, i. 428 ! 

air spoiled by^ puriflcid, i. 182 • 

Onikm&n m», 11. 48 ; iii. 290 

mines of, iii. 289 
Compiled flmr J ii. 74 
Complex decomposUioHy i. 217 
CempeeUumj indicated by crystalline 
chi^cters, i. 218 
of tegetable substances, iii. 10 
-^ soils, iii. 327 
r:mHpoimdf chemical, 1. 214 
Campreseion qf water^ i. 888 
Omdetuaium changes the Hk^t^y o 
bodies for h6at, i. 234 
of water aiid alcohol by mixture 
iii. 186 



Cendembig etechimuUfti, HH 
CmtAieHng piokr^ dectriicmt, Lli<,l 
of liquids for heat, 1. ^ 

Cialdne^ifhiai,i,n^ 

OmdwBtoretifeUdrU^^ V25i,^ 

of heat,!. 285 

— lightniikg, i. 180 
CemgOaliiijViii 

Dr. BHiui^bD, i.i^ 

artificial, i. 280, 247 ; IH, ISO 

produces electricity, !. M 
CoogUmeraUygramHty^. 2f8 
OmditwohdfTegHabU boHeSj tafile 

iii. 17, 127 
ConffmcfioR qf tkerwmmden, L 229 
Coolmg veuOiy i. T82 

processes, i. 122 

power of different substaaces, L 
Cooper y on alloys of pTatininn,'lL 2B8 

oxide of platinum,' ii. 'tt 
Copal, iii. <f6 
Copper, u. 148, 623 

assay of its ores, ii.'4ll 

ammoniated, ii. 153 

native, ii. 149 

action of chlorine cin, ii. 160 

white, u. 242 

azure, ii. liso 

analysis of coinpoonds'of, li.lliN 

and goId,ii.^ 

its acetate, iii. 162, ife,^ 

— alloys; Ii. 160 

— ammonio-'nitrate^ii.to 
sulphate, ii.'l57 

— ammbnhiret, H; 158 
-< arseniate,U2(l9,'210,4tt;5S: 

— arsenlte,M. ies ; ii.'2il6 

— bensoate;iti.l06 

— bi-^phuret;^.ik,52l 

— lilack solpt/dret, nAii 

— borate, ii. 160, i25 

— carbonate, ii. 158, 586 

— — analyzed, li. 4if0 
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Oppcr, its cUonte, it 16S 

its chlorides, H. \60, 404, iU 

— citrate^ iiL 06, S49 

— czpuisiaB by heat, i. 2M 

— fenocyanate, il. 160 

— fenDpnissiate, ii. 166 

— hydrated oxide, iL 149 

— — peroxide, iL 15S 

— fcyposiUphite, ii. U6,6S4 

— Iodide, iL 153, 6it 

— aniriate, iL 160, 624 
^ Bitrate, ii. 16S, 634 

— iiatiTe8alphoretaiiaIyied,iL406 

— ores, iL 148 

— reduced, il. 166 

— oxalate, UL 90, S48 

— -^-^ with ammonia, iiL 90, S48 

potassa, iU. 91, 618 

soda, iU. 91, S48 

— ooddes, ti. 149, 618, 401, 68) 

— perchloride, u. 161, 634 

— permnriate, ii. 161, 621 

— peraxalate, iii. 90 

— persulphate, ii. 160, 636 

— persnlphite, ii. 636 

— phoq^te, ii. 168, 636 
mm _- analyxed, ii. 409 

— phosphnret, iL 169, 626 

— prsparatioD, ii. 148 

— proComoriate, ii. 161 

— prolochloride, iL 160,634 

— properties, IL 148 

— pyrites, ii. 166 

— n«iB,iL160 

— salts^ IL 631 
•^sabacetate,liL10T 

— sabcarhoiiate, ii. 158 

-* sabamriale, nati? e, il. 163 

— sabpermoriate, ii. 161, 634 

— sobpemltrate, IL 166 

• ■ * 

— Mbfvlphate, ii. 167 

— sucdaate, iU. 08, 646 
---•idphate,L47; u. 160, 636 

— — with potassa, U. 168 



Ccpper, its sulphite, U. 160, 

with potassa, ii. 160, 636 

— solpharet, i. 316 ; u. 164, 694 

— tartrate, iii. 86, 647 
with potassa, ill. 81 

— tests, i. 143, lO, 161 ^11. 10^ 

648,636 
CSfjpperst, 11.119 
Cofttf,iiL316,614 
C0Hk,m.46 

its acid. Hi. 46 

fossil, IL 618 

mountaiii, ii. 618 

CtfTonu gubUwutUy ii. 317 
prepared, ii, 848 
its properties, IL 849 

— compodtioo, 11. ^49 

— decomposition, Ii. 380 

— ose as a test, L 146 
Cdftieml lagen rfpUmU^ Hi. 6. 
GinoMfosi, IL 611 

perfect, 11. 613 

imperfect, IL 613 
CM<0a,iu.46 
CtiyUdam rfmedt, IIL 4 
CoMlomfr's ^ednmuUTf L356 
Coarome de$ ^atses, L 871 
Cparfiiff, discorery of iodine by, L 684 
GnsffOMiilwn, iiL 170 
Or«ma,iiLi86 

of tartar, IIL ao 
Osciit swteBonm, IL 178 
CIrWInu, first described cakm^ L 46; 

ii.844 
Crmutedi «m nukdy IL 6 
Cnn Kone, ii. 619, 676 

courses, ilL 606 
Oiiaie,Dr.,onthe anmnaloi 

of water, L 98 
Owsifisst, 11,600 
GnwiNn,H.t»,666 

platepm,lz?i. 
Chrfff«v«sr,iiLiO 
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Cruielnkankt on earbamc oxidey i. 410 

gunpowder, ii« 99 

urine, iii. 194 
Cmor, iU. 176 
CnuUrflobtier$ym,2U 
OyoUUy ii. 313 

Crpopkonu, WoUaston's, i. 138, 847 
Cifdidy rock, ii. 306 ; iii. 261 
Cr^taBkation, i. \9i . 

Wollaston on, i. 206 

Daniell on, i. 209 

theory of, i. 197, 206 

spherical theory of, i. 206 

requisites for, 1. 106 

laws of, i. 106 

influenced by the air, i. 196 

Ught, i. 196 

hastened, i. 196 

retarded, i. 196 

water of, i. 194, 339 

separation of salts by, i. 196 

its indication of composition, i. 213 

ofwater,i. 338 
CvydaUj i. 193 

dissected, i. 210 

means of preserving them, i. 196 

their cleavage, i. 197 

— increments, i. 207 

— integral elements, i. 207 

— primitive forms,-!. 206 

— regularity, i. 193 

— structure, i. 197 
CMcvUre^ ii. 50 
Cudbear, iii. 125 
Cwmmingmtheoxy-hydrogenhktujpipe, i. 

330 
Ciipel, ii. 282 

OtpOtaJtiim, ii. 164, 167, 281 
CvpeUing furnace,, i. xv. 
Cwpnme (proto^hloride of copper), ii. 150 
CuprwMa (bi-chloride of copper), ii. 151 
C^MpraU i^ ammonia, ii. 154 
Cuprewi ndpkurei q^ Hn, analysed, ii. 

399 



O^priMi «iRiiieni«<iaii, ii. 167 
Curd, iii. 183 
Cmreni, eUdriedL, i. 88S 
Cunisd leather, m. 906 
Curved etraia, in. 98i 
CuHele, iii. 206 

of plants, ill. 2 
CiKfit, iii. 206 

CuHmg rf diammdM, i. 416 
Cueier on ergame remauUf ilL 
Omic acid, r. 447 
Cfanidee (cyanurets), 
CyanUe, ii. 317 
Cyamgeu, i. 446, 469 

obtained, i. 446 

its properties, i. 447 

analyzed, i. 447 

decomposed, i. 417 

its composition, i. 448 

with chlorine, i. 448 

— hydrogen, i. 449 

— iodine, 1. 449 

Cyomrei tf nurcurff, i. 446 ; H. 268 

phosphorus, i. 461 

potassium, ii. 46 
' silver, ii. 279 

sulphur, i. 451 
Cylinder electrical mackime, i. 266 
Cystic ojode, iii. 202 

DALTON ON d^fimte propartimt, i. » 
219 

the mixture of gases, i. 329 

eudiometers, i. 3S3, 386 

hydrated barytes, ii. 77 

sulphuric acid, i. 390 
Damatcus sabres, ii. 309 
XXwiasfe, ii. 309 
Damp, choak, i. 116, 429 

fire of coal mines, i. 442; iii. 3fll 
Daniell on the theory of trytMkuSm, 

209 
Rualysis of vegetable suhstaaoe 
iii. 13 
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Dmiell on cast iron, U. ISr, S06 
lanpic acid, liL IM 
sagar, iii. S8 

▼egetable ralMtaaces, iit 16 
wroaglit iron, ii. 1S8 
Us liygrometer, i. S85 

— analysif of compounds of irony 

U.S87 
MhdMffftnmaimm^ iii. 279 

Tcins, iii. SOS 
MMtMHe, analysis of, u. SIO, 471 
Mlaxf Sir H., on aeUU qf pkotpkonu, i. 
406 

analysis of soils, iii. S16 

by boracic acid, ii, 470 

barinm, ii. 77 

boracic acid, i. 454 

chonical affinity, i. 81 

chkmne, i. 167, S18 

chloriodicacid,! S25 

deoxidisiDg rays, i. SOS 

electro-chemical phenomena, i. S76 

endiometry, i. S8S 

flame, i. 443 

flnorine, ii. 73 

glucinum, ii. 329 

heat, i. 297 

iodine, i. 324 

iodo-cyanogen, i. 449 

miner^s safety lamp, i. 307, 443 

muriatic acid, i. 61, 344 

nitrate of ammonia, i. 369 

nhro-muriatic acid, i. 357 

nitrous oxide, i. 347 

nomenclature, i. ISI 

nutritiTe principles of grain and 
pulse, iii. 37, 119 

— regetables, iii. 127 
oocymuriatic acid, i. 167 
piiospliorous acid, i. 404 
potassium, ii. 4, 28 
radiant matter, i. 96, 301 
safety lamps, i. 444; iU. 294 
sodium, ii. 4, 47 



Hscy Sr li.,on sulphuretted cyanogen, 
i.45l 

tannin, iii. 44 

regetation, iii. 6 

Tolcanoes, iii. 315 

▼oltaic electricity, i. 275 

zirconia, ii. 328 
Hscy, Dr, J., on the analysis of chlorides 
of copper, ii. 464 

tin, ii. 398 

chlorides of arsenic, iL 211 

— bismuth, it 186 
lead, ii. 165 

— - manganese, ii. 107 

teUnrium, ii. 200 

silver, ii. 271 

— — zinc, ii. 134 

compounds of tin, ii. 141 

fluoborates, ii. 76 

number for antimony, ii. 175 

phosgene gas, i. 421 

submuriate of copper, ii. 152 

uric add in excrement of birds, 
iiL199 
Dory, E., on platinum and its com- 
pounds, ii. 293 

test for gelatine, iii. 204 
Deadi, iu. 305 

Death •ceawmtd fty eketrkU^^ i. 208 
Decan rf rodUf iii. 309 
DecompoMm^ chemical, i. 216 

compound, i. 217 

double, i. 218 

electrical, i. 273 

simple, i. 217 

single, i. 217 

▼dtaic, i. 187, 273 

laws of, i. 273 

tables of, i. 218 

of alcohol, iii. 146 

— gnmite, iii. 259, 271 

— loeks, iU. 259, 309 

— ofgaaic snbttancaa, lit 11 
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PecompotUiom of water, L 279» W 
Jkccmpositig TOffs tf Hghij }. 90} 

radiant matter, i. SPl 
Decrements qf cry$tal$, i. iff! 
DecrepUatumf ii. ^ 

D^fimte proparti4fM, theory ot, i. 82^ 186, 
219,222; ii. 1^ 

Daltoo on, i. 64 

Oay-Lnssac on, t Sj^ 

Higgins on, i. 84 

Ricbter on, L 83 

WoUaBtun on, v ^ 
De la Rtce, on conTevsion of starch into 

iBugar, iii. SS 
De Laeeane on ammonioret of vine, ii. 186 
DeUntjfartmtim^KUn,u.4 

wolfram, ii. 454 
Ddiqueseencef i. 10!^ 
De Uil/i thermamderfi.no 
Ddphingf iii. 74 
De Lue'e electric colnmni L 2T0 

hygrometer, i. 385 
Denmijf infect* r^fractwepm^, i. 987 

of oil of Titriol, i. 392 
jjeeonaizxiig ntjf$f i. 9uy 
DqthlofUticated otr (oxygen), i. 309 

described by Priestley, i. 129 

marine acid, i. 318 

muriatic acid, i. 167, 818 
Depolariiatwn of Ugki^ i. 291 
Derbyehife $par, ii. 78 
Deeaignee en the Ugkttf compreued water ^ 

1.338 
DesearUe en radiatum, i. 286 
DescotUt on fulminaHng silver^ iii. 158 
Deeormet on carbonic oxide ^ i. 420 
Deatrvctive distiUation qf vegetobk»y iii. 
11 

animal substances, iii. 172 
Dettdion qf anenicy ii. 2)6 
Detonating powdere, ii. 84, 88 

tube, i. W 
Detemaitiimqfaxiigen ^fid hydrogen, i,327, 



Detonation of oxygen idH^^ oUoate t 

potassa, ii. 31 
DeatwMorid£efeoj^€rf\^\Sif9M 

iron, iL 116, 618. 

mercury, Up ^18,637 

tin,u.l41,69SL 
Peutqfhuite of eaimm^ U. 482 
HMtoxIde <if oiitMMNV, ii. 174,627 

arsenic, U. 206, 63JI 

cerium, U. 198, 6Sp 

chnMnium, ii. 221, ^ 

cobalt, ii. 198, 629 

copj>er,ii. 149,624 

barium, ii. 78 

iron, ii. 112, 618 

lead, U. ,164, 626 

manganese, ii. 106, 6|7 

mercury, IL 243, 637 

molybdenum, ii. 219, 633 

nitrogen, i. 349 

potassa,ii. 31,606 

soda, ii. 47, 607 

tin, U. 140, ifBt 

uranium, ii. 631 
Deidomdphate of wumganem, iL lOP 
DiabeteSf iii. 197 
Diabetic sugar, iii. 197 
Diabobu metaOarum, ii. 268 
Diagrams ofafinitif, i. 218 
Diallage, iii. 264 
Diamond, i. 254, 414 

the purest form- of carbon, L 414 

a good conductor of heat, i. 29i 

cutting of, 415 

its characters, i. 415 

— combustion, i. 423 

— localities, i. 414 

— nature, i. in, 414, 423 

— refractive power, i. ^ 

— valuation, i. 416 
>— varieties, i. 416 
Bristol, ii. 306 
Copish, ii. 306 

account of large ones, i.416 
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Dinbaehf discovered ptmdui blue, 

i. 170 ; ii. m 
Difereidua ihitmmam'^^. m 
DigeMtioH, iu. 217 
Digettwe $aUif'sima, Ii. lit 

DikUaHon 6y heatf il 2is 
dffltiids/i;^ 

— gases, i 225 

— metals,!. "981 

on solidifjing, i. 228 
Diopttuef ii. 160 
Dippefs amnud eilj iii. ITS 
Dutmatum, i. S37 
DUHtted tinegar, iii. lOl 

water, i. S37 ; iii. 00 
DUehargea, electrical, i.^ 
Ditaeetion ofaididi, i. 210 
Dolmmte/u.W2;m. 266 
Donoom on inklic or'sorbic acid, iii. 07 
Dorking lime, ii. S25 
DmumU-WieUM, on krtifi^ial i^nis, u. 

S04 
DmMe deatrnpokUUm, i. 217 

flaate of cericun and yttrla, ii. 482 

refraction 6f light, i. 289 
JkMer^ electricikl, i. 266 
UrucowiHgtduM, ii.245 
Dragmts Uoodj (a red renin) 
JD^fvUIe is supposed Co hsi^t IttV^iki tlie 

'Ihermoineler, i.'86 
JK7ft«'m2f,m.'$6 
Dftbina on zirconia, ii. S27,'^47B 
Dm C(0ff, the analyst, i. Ul 
Duemty,^.% \ 

DMdOe m€<iilt, U. 8 
Ihkama on muriate of «6da;il!'iiO 
Ditkmg on chloride brnitrbf^, i.lto i 

— hypophosphktidacid,i.'ii07 

— hypophosphttti of pokiAa;il. 42 
-^ hypophosphbrems tidd, f iiio4 

— radiant heat; i.'2io 
-fl^cifieh^U^ 



Dirfcik ^vU (copper leaO 
l)im«r,ii.214; iii. 47 
Dyto,iu.29S, 298 
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— Werner, iii. 242, 267 
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— Woodwtod, iii. 235 
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^ — baryta, ii. 77 
' lime, ii: 60 

magnesia, ii. 95 

^— strontia, ii. 89 
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paradoxical, i. 242 
Edwards, on mineral chamelion, ii. 106 
Efflorescence, i. 195 
EH, electrical, i. 2te 
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EggskeU, iii. 214 
Eimhqf, on lentiles, fii. Il9 

on potatoes, iii. 124 
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on tantalite, ii. 229 
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fluid, i. 288 
heat, i. 258 
Ught,L 249, 268,284 
spark, i. 258, 284 

Electrvxd otr-fnaiol, i. 827 
amalgam, i. 260 
attraction* i. 249 
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aura, i. 260 
battery, i. 267 
charge, i. 260 
column, i. 270 
condensers, i. 268, 266 
conductors, i. 263 
polar arrangement of, i. 269 

current, i. 283 
discharger, i. 260 
doubler, i. 266 
eel, i. 282 

induction, i. 255, 258 
insulators, i. 253 
jar, i. 259 

—theory of, i. 261 
machine, i. 256 
multiplier, i. 266 

phaenomena, natural, i. 279 

phial, i. 259 

points,!. 260 

ray, i. 282 

repulsion, i. 249 

shock, i. 260, 268, 273 

states, i. 250 
EUctricUy, i. 260 

its history, i. 186 
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849,264,218 

— cause, i. 288 
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— tension, i. 266 
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animal, i. 289 
atmospherical, L 879 
induced, i. 268 
negative, i. 260, 261 
positive, 250, 261 
resinous, i. 260 
vitreous, i. 250 
voltaic, i. 268 

theory of, i. 279 

apparatus for, i. 200 

improvements in, i. 270 

conductors of^ i. 263 ; iL 6 
insulators of, i. 268 
metals, conductors of, ii. 6 
non-conductors of, L 26S 
produced by contact of metalSjUS 

268 

friction, i. 249,265 

change of state, i. 268 

produces magnetism, i. 273 
metals burnt by, i. 268, 273 ; iL U 
chemical decomposition by, i. 873 
water decomposed by, i. 273,386 
transmission of e le me n t s by, i* 87 

Ekctricsy i. 251 
by heat, i.254 

Electro-chemieal actUm, i. 27S 

Electrometer^ i. 251 
Bennefs,i.251 
condensing, i. 266 
Coulomb's,!. 262 
Henley's, i. 260 
quadrant, i. 260 
Singer's, i. 262 
method of using the, i. 252 



ELE 



EUC 



Kif€trwmt€t Mf i» 180 
Eleeiropkonu^ L96I 
EieeiroBeitpeSj i. 251 
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▼iew of, i* 464 

of the alchemists, i. 4S 

Beccher's, i. 66 

Stahl's, i. 66 

acidifiable and inflammable, i.326, 
464 
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positively electrical, i. S26 

transmission of by electricity,!. 274 

integral of crystals, i. 207 
EHoiAMhrnok, i,2i 
ElkUj the ArtiMi, history of, u 19 
£li9iMlioii, n. 268 
£lbVtcaa(i,iii. 106 
EmerM, ii. S2S 

analyzed, ii. 479 

copper, ii. 160 
Etmerp, ii. 312 
Emetic tartar, preparation of, iii. 81 

properties of, iii. 85 

composition of, iii. 85 
EmeiiMe, iii. 41 

Empjfreal air of Seheele^ i. 16S 
EwmlmmiMj iii. 55 
Emmeltf teeth, uu2\i 

white, ii. 305 
EmmeU, ii. 140 
Erngme, steam, i. 123 
EmgUmd, strata of, iii. 250 
Emg^l^fidd, Sir H., on radiant heat, i. 293 

the mountain barometer, i. 371 
Emgtith weights and measurts, i. 457 
EMgrarmg on glass, ii. 75 
Ens veneris, i\, 117 
Ejriderfms, iii. 3 
EpidaU, ii. 317 
EpsoM saU, u. 98 
Equivalents, ehemUai, i. 222, 340 

tables of, i. 464; u. 505; iu.S45 
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Essential oUs, iii. 58 
Etching on glass, ii. 75 
EfA€r,(8aIpharic,)i. 170; iii. 147 

prepared, iii. 147, 148 

purification of, iii. 148 

properties of, iii. 149 

analysis of, iii. 151 

combustion of, iii. 151 

composition of, iii. 152 

volatility of, iii. 149 

latent beat in the vapour of, 1. 245 

freezing of water by, iii. 150 

ignition without flame in the vapour 
of, i. 306 ; iii. 154 

inflammability of, iiL 151 

vapour of, iii. 149 

solution of gold in, ii. 287 ; iii. 150 

gilding by, iii. 151 

phosphorns in, iii. 150 

platinum in, iii. 150 

metals coated by, iii. 151 

action of chlurioe on, iii. 153 

acetic, (Addenda, iii.) 

chloric, i. 437 

hydriodic, iii. 160 

muriatic, iii. 159 

nitric, iii. 155 

preparation of, iii. 156 

properties of, iii. 156 

composition of, iii. 157 

sulphuric, iii. 147 

procured, iii. 148 

properties of, iii. 149 

analysis of, iii. 162 

Ethereal solution of gold, ii. 287; iu. 160 

platinum, iii. 150 
Ethiops, martial, ii. 112 

mineral, ii, 254 * 

per se, ii.243 
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its preparation, i. 320 
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Euchhrmej its composition, i. 341 

— solution, i. 821 
Euclaaey ii. 329 
Eudiometer y Berthollet's, i. 383 

Cavendish's, i. 383 

Dalton's, i. 883 

Dayjr's, i. 883 

Henry's, i. 882 

Hope's, i. 382 

Lavoisier's, i. 888 

Pepys', i. 382 

PriesUey's,i. 131,383 

Scheele's, i. 881 

Segain's, i. 883 

Volta's, i. 381 

with hydrogen, i. 380 

— nitrons gas, i. 382 

— solphurets, i. 163, 381 
EMdwmehy,i,.^SO 

Priestley on, i. 181, 137 

Scheele on, i. 163 
EveqHfrating resseb, i. xv. 
Eoaponrfton, i. 247 

for the production of crystals, i. 193 

cold produced by,i. 122, 247 ; iii. 150 
ExamintUum qf mineral waters by tetta^ ii, 

487 
Excitation of electricity, i. 249 
Excrements of animals, iii. 219 
ExTMiitstofi, anomalous, of water, i. 91, 
228,462 

of water by cold, i. 228, 462 

alters the capacities of bodies for 
beat, i. 234 

on solidification, i. 228 

by heat, i. 223 

of air, i. 226 

alcohol, i. 226 

brass, i. 224 

copper, i. 224 

fluids, i. 225 

gases, i. 225 

iron, i. 224 

lead, i. 224 



E^rpofuiofi, by beat, of mercury, i 

-^ metals, i. 224 

nitric acid, i. 825 

oil, i. 225 

— . — oil of turpentine, i. 286 

. platinum, i. 224 

soUds, i. 224 

steel,!. 224* 

sulphuric acid, i. 218 

tin, i. 224 

water, i. 226, 408 

zinc, i. 224 

ExtincHoni^Jlameby coeHngj i. 807 

wire gauze, i. 807 
Extract, vegetable, iii. 88 
Extractive matter, iii. 88 

varieties of, iii. 88 
Eye, humours of, iii. 189 



FAHRENHEIT'S thermometer, L », 
229 

Fan of Fyers, iii. 273 

stones, ii. 237 
Faraday on absorption of ammonia by 
chlorides, ii. 63,271 

— analysis of wootz, ii. 887 

— chlorides of carbon, i. 433 

— chloride of silver, ii. 270, 271 

— hydriodide of carbon, i. 438 

— hydrochloride of carbon, i.4S7 

— oxide of silver, ii. 269 

— separation of iron and manga- 

nese, ii. 382 

— sounds produced by flame, i. 329 

— sulphuret of phosphorus, i. 414 
and Stodart on alloys of nickel, ii. 

241 

carburets of iron, ii. 129 

steel and platinum, ii. 296 

silver, ii. 280 

Fat, iii. 208 

artificial, iii. 211 
difierent kinds of, iii. 208 
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Fmt hue, ii. S24 

Feaiken, iii. 207, 208 

Febrifuge aaU of Syhius, iii. lU 

Fecwla, iii. 29 

Fedler im galUe acid^ iii. 99 

FeUMpar, blae, iii. 26S 

character of, iii. 252 

used in pottery, iii. 252 

grf:eny iii. 25S 

varieties of, iii. 253 

resplendent, iii. 253 

composition of, iii. 253 

Labradore, iii. 253 
FautdU M de^me, iii. 71 
FermeKialion, iii. 128 

of beer, iii. 129 

phsniomena of, i. 178 ; iii. 128 

products of, iii. 128 

acetous, iii. 160 

putrefactiye, iii. 173 

vinous, iii. 128, 130 
Femme (protochloride of iron), ii. 115 
Ferranea^ (perchloride of iron), ii. 116 
Feni suhcarbonoMy ii. 122 

sulphas, ii. 119 
Fem-arsemad ndphwrei of copper amt- 

kr^ed, ii. 406 
Ferro-ckjfozic acidj ii. 125 
Ferroeiftmaie <tf barifta,'n. 125 

cobalt, ii. 192 

copper, ii. 160 

iroii,ii. 122 

magnesia, ii. 125 

potassa, ii. 121 

soda, ii. 125 
FenoqfWMieSy metaUic, ii. 126 
Ferro-pnmiaie of ammonia, ii. 1^ 

copper, ii. 160 

iron, ii. 122 

lime, ii. 125 

potassa, ii. 124 

used as a test, ii. 126 

strontia, ii. 125 
Ferro-prumc add, ii. 125 
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Ferrum ammomatum, ii. 117 

tartarizatum, iii. 83 
Ferrwretted chyazic acid, ii. 125 
Fettstein, ii. 816 
Fibre, iii. 42 
Fibrine, iii. 179, 202 

of the blood, iii. 179 
FiUmg up of lakes, iii. 313 
FmgaVs Caxe, iii. 303 
Fire, i. 66 

red, ii. 91 
Fire-damp of coal-nung9, i. 442 ; iii. 
Flsk, luminous before putrefaction, i 

air-bladders of, iii. 225 

respiration of, iii. 225 

scales of, iii. 214 
fixed air, i. 44, 116, 129 

Brovmrigg, Dr., on, i 116 

Cavendish on, i. 157 

Priestley on, i. 129 

obtained by Dr. Black, i. 116 
/ ired alcalis, ii. 13 

nitre, ii. 43 

oils, iii. 55,208 

sal ammoniac, ii. 63 
/•7ai^tr^/e,ii.l85 
Flame, Davy on, i. 443 

nature of, i. 303, 306 

Ught of, i. 306 

high temperature of, 1. 306 

extinction of by cooling, i. 307 

extinguished by wire gause, i. 

production of sounds by, i. 329 

coloured, iii. 145 
FlammH, Nicholas, i. 13 
Flhii glass, iL 209, i02 
Flinis, ii. 307 

liquor of (silicated alcali), ii. 29 
Floeiz rocks, m.2i^ 
Flares martiales, ii. 117 
fW/nrrt, ii. 71 

Flowers €f pbmis, structure of,iiL 4 
Flowers of atdimouff, ii. 174 

bensoin, iii. 103 
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Flowers of plants, iii. 117 

their colomiDg matter, iii. 117 

sulphur, i. 386 

zinc, ii. 134 
Fluate of ammonia, ii. 75 

lime, ii. 73, 373 
FbtidUy occasioned by heat, i. 243 
Fhdds, expansion of by heat, i. 225 

of the animal body, iii. 188 

bad conductors of heat, i. 237 

compounds of solids and heat,i. 213 
Fbnoborate of ammonia, ii. 76 
FlMoborates, ii. 76 
Fhuhmie add, ii. 75, 512 
Fktor, compact, ii. 74 

spar, i. 198 ; ii. 73, 873 

Scheele on, i. 167 

phosphorescent, i. 3(M 

Fbioric acid, ii. 73 

obtained, ii. 74 

its properties, ii. 74 

— nature, ii. 74 

— compounds, ii. 75 

— decomposition, ii. 74 

— tests in minerals, ii. 470 
silicatedfii. 305 
subsilicatcd,ii. 305 

Fluorides, ii. 74 

of calcium, ii. 74, 512 
Fluorine, ii. 73 
FluosiUcic acid, ii. 305 
Fbtx, black, iii. 81 

white, ii. 37 
Fluxes, ii. 337 
Foliated feldspar, iii. 253 
Foot, cubic, of water, weight of, i. 338 
Formation of veins, iii. 306 
Formations, alluvial, iii. 242 

primitive, iii. 242 

secondary, iii. 242, 277 

subordinate, iii. 243 

transition, iii. 242 

volcanic, iii. 245 
Formic acid (from ants), iu. 350 



Forms of matter, how modifted, i. I9t 

bodies affected by heat, i. SS8 

crystals, i. 197 

primitive of crystals, i. 196, ttS 
FoMi/ copoi (Highgate resia) ■ 
FossU remains, iii. 278, 895, 296, 907, 311 
Fossils, magnesian, ii. 192 
Faurcroy on asumomo-nHrate rf wMgwem 
y.97 

phosphate of 8oda» ii SS 

sulphate of magnesia, i^ 99 

bones, iii. 215 

chemical nomenclature, i. 181 

fulminating mercury, iii. 158 

hyposulphite of sine, ii. 136 

lactic acid, iii. 186 

lupin seeds, iii. 120 

onion, iii. 124 

sulphate of mercury, ii. 256 
Fowler's mineral sobitim, ii. 205 
Fracture of gems, i. 197 
jpVoiiAcltfi on Ughtming conductors, i. SW 
FreA water firrmatums, iii. 296 
Freestone, iii. 295 
Freezing, i. 241 

mixtures, i. 120, 239 

of water by ether, iii. 150 
French nomenclature, i. 183 

weights and measures, i. 459 
Friar Bacon, i. 10 
Friction, evolves light, i. 305 
Frigorific mixtures, table of, i. 210 
Frit, ii. 300 

Frost bearer, i. 222, 247 
FruUs, iii. 122 

Fulhatne on sUxering silk, ii. 274 
Fulminating gold, i. 166 ; ii. 286 

mercury, iii. 157 

platinum, ii. 294 

powder, ii. 38 

silver, ii. 200; iii. 158 
Fumigation of n^ected places, iii. 174 
Fuming liquor, Boyle's, i. 400 

JLibavius', ii. 142 
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fwrnrng Bulphoric acid, i. 896 
Functiens, animal, iii. 216 
i^^o^t, iii. 126 
Fungic acid, iii. 108, 126 
i^VfjigtM, iii. 41, 126 
Furnaces, assay, i. xiii. xt. 

chemical, i. xiii. 

capelling, i. xv. 

forge, i. xiv. 

Knight's, i. xv. 

reverberatory, i. xiii. 

sand, i. xiv. xv. 

wiDd, i. xiii. xv. 
Fu8ibmyofaUoys,\\,'it\ 
Fusible calcuU, iii. 201 
Fusible metal, ii. 24, 187 

salt, ii. 53, 337 ; iii. 194 
Fusion, i. 194, 238 

of metals, ii. 11 
Fyers, fall of, iii. 273 



GADOLIN on yttria, ii. 330 
Cadolinite, ii. 330, 482 
Gahn on crystaUizatian, i. 197 

manganese, ii. 3 
Galena, ii. 167 

analysis of, il. 412 
GaUbi, iii. 311 

Galileo on the weight of air, i. 370 
Gall Hones, iii. 187 

of glass, ii. 301 
GaUate of cinchmdne, iii. 113 

iron, iii. 102 

lead, iii. 100 
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obtained, iii. 99 

its properties, iii. 100 

— composition, iii. 100 

— use as a test, iii. 100 

— combinations with metal8,iii. 101 
table of its metallic precipitates, iii. 

101 
GaUs, iii. 98, 103 



GaUs, tincture of, i. 142 

used as a test, i. 143 ; ii. 490 

infusion of, iii. 100 
Galvani, notice of his discoveries, i. 186 
Galvanic apparatus, i. 187, 269 

arrangements, i. 260 

battery, i. 272 

circle, i. 270 

pile, i. 187, 270 

theory of its action, i. 279 

Galtanism, chemical agencies of, I. 269 

effects of, i. 272 

excitement of, i. 268 

theory of, i. 279 
Gamboge, iii. 66 
Gangue, iii. 305 
GarUc, ui. 124 
Garnet, black, ii. 314 

common, ii. 314 

noble, ii. 314 

precious, ii. 314 

white, ii. 314 
Garnet, Dr., on granitic breccia, iii. 273 
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mentioned by Van Helmont, i. 44 

expansion of, by heat, i. 226 
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lighting, i. 439 

apparatus, i. xiv. 439 
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ajEotic, i. 346 
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coal, i 439 
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Gmf'Ijume on hypoeiilphite of strontian, 
ii.92 

— iodate of soda, ii. 60 

— iodide of sulphur, i. 308 

— iodine, i. 324 

— muriatic acid, i. 61, 341 

— oxide of iron, ii. 113 
9 — oxalic acid, iii. 17 

— pemitroos acid, i. 360 

— potassium, ii. 28 

— prussic acid, i. 171 

— starch, iii. 17, 33 

— sulphovinate of baryta, iii. 154 

— yapour of alcohol, iii. 136 
ether, iii. 149 

— vegetable substances, iii. 16 

— wax, iii. 54 
Gojometfr, mercurial, i. 320 
Geber the tUekemui, i. 8 
Gdmimey iii. 203 

artificial, iii. 179 
its properties, iii. 203 

— tests, iii. 204 

— conversion into sugar, iii. 20i 

— varieties, iii. 205 
GeUrrf , i. 79 

Genu, U. 312 

artificial, ii. 301 
Gtineni laws of chemical changes^ i. 191 
GfltfiM, iii. 112 
Ge^^fvy, i. 64 

his tables, i. 78 
(ietkgieal gpecimau, English catalogue 

of, iii. 251 
Geoiogieal tkemies, Bufibn's, iii. 238 

Burnet's, iii. 231 

Mutton's, ui. »i3, 265 

Leibnitz's, iii. 236 

Werner's, iii. 242, 267 

Whiston's, ui. 237 

Whitehurst's, iii. 237 

Woodward's, iii. 235 
Geology iii. 229 

general remarks on, iii. 230 



GerminatwHy iii. 5 
Giant^t Cau8eu-({y, iii. 302 
Gilding 9n porcelain, ii. 291, 822 

steel, ii. 287; iii. 160 
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iii . 150 

water, ii. 291 
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diluted alcohol, iii. 137 
GUpin's tables, iii. 138 
Gin, iii. 136 
Glacial phosphoric acid, i. 406 

sulphuric acid, i. 36, 396 
Glance coal, iii. 77 

silver, ii. 276 
Glaser's polyckrest salt, ii. 38 
Glass, its nature, ii. 298 

how made, ii. 300 

its composition, ii. 302 
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transmits radiant matter, i. 296 
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ant heat, i. 296 
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coloured, ii. 304 

by manganese, ii. 110 

crown, ii. 303 

engraved, ii. 76 

flint, ii. 299, 302 

furnace, ii. 300 

gall, ii. 301 

green bottle, ii. 303 

phosphoric, L 406 

plate, ii. 303 

soap, ii. 299 

Glauber, i. 46, 46, 97 

describes volatile alcali, i.47 

sulphate of ammonia, i. 47 

sal ammoniac, i. 47 

sulphate of copper, i. 47 

vinegar from wood, i. 47 
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Glauber describes muriatic acid, i. 47 ; 
ii.60 

sulphate of soda, i. 47 

improves chemical apparatus, i. 61 
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on nitre, ii. 37 

GUmberite, ii. 68 

GUuber'9»aH, i. 47, 49 ; ii. 51 

Gliadme, iii. 36 

GlolmUs of thi bloody iu. 180 

Gfoirti^' lampy i. 307 

Glow-worm, i. 305 

GAictna, obtained, u. 329, 479 
its properties, ii. 828 

— compounds analyzed, ii. 479 

— sulphate, ii. 481 
GlHdiiicm,U.329 
GJMe, iii. 205 

Ghden, iii. 35 

obtained, iii. 35 
its properties, iii. 36 

— proportion in different vegeta- 

bles, iiL 37 

analysed, iii. 36 

vegetable, iii. 36 
Gmelm on phosjtkate of lUhiOy ii. 59 
Gneiss, iii. 254 
C;o/(/,ii.283,5l2 

obtained pure, ii. 283 

analysis of ores of, ii. 467 

alloys of, ii. 290, 467 

purple powder produced from, ii. 
143, 287 

fulminating, i. 166 ; ii. 286 

graphic, ii. 436 

Manheim, ii. 161 

mosaic, ii. 144 

native, ii. 283 

powder, ii. 291 

standard, ii. 290 

its alloys, ii. 287 

— amalgam, ii. 291 

— assay, ii. 291 

— < chemical qualities, ii. 284 



;iiLli 



(;ioldy its chloride, ii. 984, 64S 
^ ductiUty, ii. 283 

— ethereal solotioii, ii. 

— fineness, ii. 290 

— imitations, ii. 296 

— iodide, ii. 284, 64S 
-^ maUeability, ii. 283 

— muriate, ii. 284, 285, 648 

with potassa, ii. 9B6 

^ nitrate, ii. 286, 649 

— oxide, ii. 284, 642 

•^ phosphuret, ii. 287, 643 

— physical properties, ii 983 

— purification, ii. 983, 286 

>- solution in ether, ii. 287; iii. M 
potassa, ii. 966 

— solvents, ii. 286 

— sulphate, ii. 987 

— sulphuret, ii. 987, 649 

— tests, ii. 987, 542 
and antimony, ii. 290 

— arsenic, ii. 290 

— bismuth, ii. 990 

— cobalt, ii. 290 

— copper, ii. 990 

— iron, ii. 288 

— lead, ii. 288 

— nickel, il. 289 

— tin, u. 288 

— zinc, ii. 288 

Golden suiphwret of omtmony, ii. 179 
Goniometer, description and use af,i.liK 

WoUaston's, i. 200 
Goulard's extract, iii. 169 
Granite, its component parts, iii. 251 

its localities in England, iii. 2B9 

— aspects, iii. 254, 258 

— height, iii. 276 

— origin, iii. 255 

— position, iii. 255 

— veins, iii 256, 257 

— decomposition, iii. 259, 271,309 
Granite, porpbyritic, iii. 260 

slaty, iii. 254 



GRA 



HAL 



GnmiU, bonldert, iii. 370 

ton, iii. 872 
Grvmlif breccia, iiL 27S 

coogloinerate, iii. 27S 
Grmmdarliatedmef ii. 71 ; iii. 
Grape jmet^ iii. ISO 
Grmpkie ore, u. 199, 436 
GnphUty u. 121 
GnmwadUy iii. 281, 282 

slate, iiL 281 
OnRviyiii. 297 

oriiiary, iiL 190 
Grartta<aM,i. 192 
Gnmfy, specific, ii 6 

of fluids, ii. 7 

— gases, i. 461 

— solids, ii. 6 

how ascertained, ii. 6 
affected by heat, i. 227 
of dilated alcohol, iii. 137 

— ammonia, i. 361 

— nitric acid,i. 356 

— muriatic acid, i. 342 

— sulphuric acid, i. 392 
Grten dye, iii. 52 

Green^ Brunswick, iii. &1 

feldspar, iii. 253 

sap, iii. 123 

Scheele's, i. 168 ; ii. 206 

tourmaline, ii. 471 

vitriol, ii. 119 
Greemtiime,uL 296 
Grtgor on titanium, ii. 4 

on uranite. ii. 429 
Ciimh7e, analysis of, ii. 315 
Greif out-trvR, ii. 127 

dye, iii. 48 

ore of tellurium analyzed, ii. 436 
Grmoik tfpUaUt^ iii. 2, 6 
Gaaocian, iii. 65 
GmbmBTt, on snlphuret of mercury, 

254 
G«m,ui.l8,U6 

its propertieSyiiL 19 

VOL. ni. 



u. 



Gmjii arable, iii. 19 

British, ui. 34 

cherry-tree, iii. 20 

elastic, iiL 36 

formed from sagar, iii. 28 

— — i starch, iii. 34 

wood, iii* 42 

tragacanth, iii. 20 

tests for, iii. 19 

composition of, iiL 17, 20 
GummaU ofUad, iii. 19, 345 
Gum re$hUj iii. 66 
Gmpomleryi. 11,12; u.38 

its discovery attributed to Roger 
Bacon, i. 11 

Bartholomew Schwartz, i. 12 

date of its use, i. 12 

its composition, ii. 38 

— analysis, il. 35) 

— varieties, ii. 38 

— products when burned, ii. 30 
made vrith chlorate of potassa, ii. 

34 
preparation of charcoal for, L 417 ; 
iii. 162 
GujfUm MorrMv, on alloys of lead, iL 
172 
on nomenclature, i. 183 

— tungstic acid, ii. 226 
GynmUuM, i. 282 
Gfpmtmj ii. 67 ; iii. 290 

granular, ii. 67 
anhydrous, ii. 67 ; iii. 290 



HJEMATITE, ii. 114 

analysisof, iL383 
UmTj its nature, iii. 206 

salt,ii. 96 
HtdUy i. 100 

the founder of pneumatic chemistry, 
L99 

on respiration, L 108 

— vegetation, i. 104 
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ttiOl, Sir J., on baaalt, iU. SM 


Hary on minnte quantities of wagMl 




ism, ii. 336 


i. 89 


Hmrt-Mwd, iU. 3 


Hard melalt, Hal of, ii. 10 


Htm, eenetal obBervatiaus on. t » 


trslera,i.336; iii.ST 


opposed to altiaclion, i. ta 


tMlfijr,i.l4S; iii.ST 


expands bodies, 1.321 


flm-Motomc, aDolysU of, u. 31V, 37a 


expam>iuD of air by, i. ■■•^H 


llarr^cgalt tratcr, ii. i502 


olcahol b;, i. 225 ^^^H 


nureiAorn,saltor,iii.m 


• liquids by, i.Sa4 ^^^H 


spirit of, iu. m 


mercury by, i. 3SS ^^^^^H 




solids by, !. 2U -^^^f 


llaleMI. an albumen, iii. 1T9 


. — -Traterby.i.las ^^^H 


on alloja of anlimoDj, u. 182 


the cause of vapour, i. M^H 


gold,tt.S8? 


affects chemical affinity, t.lM 


aolinjonj, ii. ITS 


specific gravity, i.SXl 


artificial tannin, u).45 


production of rlectricilr by, i. B4 


beoioicacid, iii. 1<» 


condocting power of bodies for, 1. 


bismuth, ii. 184 


285 ; ii- 5 


bitumen, iii. T5 


badly ccinduclcd by flaidt.L m 


bone, iii. aia 


conductors of, i. SS5 i u. S 


Boumonite, il. i\6 


melaJs, aondoctois of, i. OS ; U. i 


camphor, iii. W, CI 


loss of iu change of state, i. BB 


colmnbite, ii. 46i 


— vaporiznUoD, 1. 244 




solution, i. l!0, 819 


ferrocyanatG ofcupprr, ii. IGO 


cnpacitf of bodies for, i.SU 


gelBliDe,iii.i03,105 


influence of on the fbnni am) Mtn 


hair, iii. 20g 


ofbodies, i. lT4,SSe 


indigo, iii. 60 


operntion of radiant matter in pn- 


iron p;ritea,u. 119 


ducins, i. SKW, 308 


lac, iii. es 


modes of measurlns MMiblt, i. 


nagnetiu pjrites, ii.381 


239 




latent. 1. 233 


molybdenum, ii.218 


measure* of, i. 219 


phoaiihuretofiroD.ii.iao 


radiators of, L SBB 


reiins, iii. (H 


receivers of, i.9W 


retlnaipballun, iit.Te 




•eparatioii of iron and luuiitja- 


oraaiQe.i.3oe,Mo 


DeM,ii. IM,SSI 




ah«il,ai.912 


ings, 1.244 


*in)TU,iii. 1» 


- planU, ill. 8 


tannin, ilt. 45 


Black Ml, i. 117 




Lavoisier on,!. 174 ..^_ 


-mcrfifitation ofit by Dr. Wullna- 


Sclicele on, L 163, Ml ^^^^M 


lon, ■.■«« 





HEA 



HOM 



Heai, its absorption daring evaporation, 
i. 122, 24S, 247 

grasification, i. 24S 

liquefaction, i. 120, 2S9 

— action on metals, ii. 11 

— conduction, i. 2S4, 238 

— effects ascribed to a sabitance, 

i.248 
to motion, i. 248 

— evolution by compression, i. 2S4 

animal life, iii. 225 

solidification, i. 241 

vegetation, iii. 8 

chemical action, i. 214 

— motion, i. 164, 235, 293, 806 

— natare, i. 248, 297, 308 

— phenomena explained by motion, 

i. 297,308 

— radiation, i. 93, l&l, 293,806 

— reflection, i. 93, 164, 294 

— refraction, i. 93, 166, 294 
animal, iii. 225 
combined, i. 239 
insensible, i. 239 

latent, i. 117, 239 

quantity of in water, i. 289 

vapour, i. 244 

radiant, i. 164, 298, 308 

solar, i. 293 

terrestrial, i. 296 

theory of, i. 297, 306 

specific, i. 232 

formula for ascertaining, i. 

282 
Heating by steam, i. 246, 240 
Heavy spar, ii. 84 
Hecht CH titofdumj ii. 196 

tungstates, ii. 227 
Height of primitive mmmtamB, iii. 268 
Heliotrope^ ii. 807 
Heliat^a synthetic ink, it. 180 
Hebnont, Van, i. 17 

Heketiu3yh\are\9Lt\on of a transmntation, 
i. 19 

2i 



Henbane f iii. 116 

Henle^B electrometer, i. 260 

Hematine, iii. 89 

Henry on aXkaUmetry, ii. 44, 858 

ammonia, i. 862 

bark of horse^estnnt tree, iii. 114 

coal gas, i. 442 

diabetic urine, iii. 198 

eudiometry, i. 882 

gentian, iii. 112 

uric acid, iii. 192 

weighing of gases, i. 874 
Hepars (alkaline sulpburets) 
Hepatic air, i. 898 
Hermann on ct^ee, iii. 120 
Hermes, Trismegistus, i. 6 

works attributed to him, i. 7 
Herschel, Sir W., on radiant heat, i. 208 
Herschd, Mr,, on bydrosulphuret of 
lime, ii. 65 

hyposulphites, ii. 17 

hjrposulphite of baryta, ii. 88 

copper, ii. 166 

lime, ii. 65 

silver, ii. 276 

strontia, ii. 92 

Hessian crucibles, ii. 328 

Hiehn on molybdemtm, ii. 4, 218 

Hieme, the analyst, i. 141 

Higgins, i. 84, 219 

HUFs new process for obtaimtig siUpkmic 

acid, i. 396 
Hiwk&Uiyd mountains, iii. 268, 276 
Hisinger on cerium, ii. 4, 197 
History of chemistry, i. 1 

alchymy, i. 6 

analytical chemistry, i. 141 

the theory of combustioi^', i. 59 
Hqfman on magnesia, i. 115 
Homberg, i. 54 

discovered boracic acid, i. 54 

pyrophorus, i. 54 

Homberg*s phosphorus, ii. 68 

pyrophorus, i. 54, 166 ; ii. 810 
12 



HOM 



HYD 



B&mberg'$ $edatwe saH, i. 464 
Home^ Sir jE., on dig^estion, iii. 2IS 
on the bUe, ill. 220 

— animal functions, iii. 227 

— the proteorhachins, iii. 205 
Uomogeneons attraction or ajfbnt^y i. 102 
HoHepy iii. 27 

stone, iii. 77 
Hooke, i. 57, 07 

his Tiews of combustion, i. 50, 62, 
ISO 
Hope on carbonate qf ttrontia^ ii. OS 
Hap^B eudiometer^ i. 382 
Hordeiny iii. S4 
Horn, iii. 207 . 

lead, ii. 105 

silver, ii. 270 

blende, iii. 261 
Mone-chestnul-tree barky iii. 114 
Hoiue-leek,ma}ic acid from the, iii. 07 

thunder, i. 281 
Howard onfubmnating mercury, iii. 157 

meteoric stones, ii. 240 
Hulme on phosphoreecent bodies, i. 805 
Humboldt on the air in water, i. SSO 
Humours of tlie eye, iii. 180 
Hundred-legged worm, luminous, i. 305 
Hutton on radiant heat, i. 293 

curved lime-stone strata, iii. 284 

coal strata, iii. 293 

on the theory of the earth,iii.243,255 
Huygens on radiation, i. 285 
Hyacinth, ii. 326, 478 

of Compostella, ii. 307 
HydrargtUUe, ii. 312 
Hydrargyri nitrico-oxydum, ii. 264 

oxydum cinereum, ii. 243 

iubrum, ii. 213 

oxymurias, ii. 218 

praecipitatum album, ii. 251 

submurias, ii. 244 

siilphuretum nigrum, ii. 254 

rubrum, ii. 255 

Hydrargyrum, ii. 242 



Hydrate, what,i.9i9 
Hydrate of ahanme, ii. t09 

baryta, ii. 77, 512 

cobalt,ii. 188 : 

copper, ii. 149, 153 

lime, ti. 61, 510 

magnesia, ii. 615 

manganese, ii. 106 . 

nickel, u. 232, 636 

potassa, ii. SO, 606 

»— . its propenties, IL 32 

soda, ii. 48, 507 

strontia, ii. 80, 514 

tin, ii. 140 
Hydraied bi-carbontite ef ammwM, L 

carbonate of anmionia, i. 432 

oxides, ii. 15 

sulphuric acid, i. 391 
Hydrates, metallic, i. 339 ; ii. 15 
Hydriodate of ammmria, i. 867, 466 

baryta, u. 82, 5U 

gold, ii. 542 
. iron, ii. 117 

lime, ii.51L 

magnesia, ii. 97, 515 

mercury, ii. 537 

metals, ii. 14 

platinum, ii. 54t 

potassa, ii. 35, 505 

silver, ii. 540 

soda, ii. 508 

strontia, ii. 01 

tellurium, ii. 200 

zinc, ii. 135, 520 
Hydriodic acid, i. 345, 465 

its composition, i. 846 

ether, iii. 160 

gas, i. 345, 465 

soluble in water, i. 345 

Hydriodide of carbon, i. 438, 469 
Hydro-boracic acid, i. 453, 470 
Hydro^arburet, i. 435 
Hydro-chloric acid, i. 341 

%%s^i.341 



HYD 



HYD 



a^df-ehhrmUt (see MwriiOa) 
B9dr9-dikride0/ carbom, i. 437, 4fl9 
Ulfdf-cfamU tfinmy ii. 128 

potassa, ii. 46 
Hfdra^iftmic acidy i. 449, 470 
Hydn-fiiaaU of ammmm, ii. 75 

potassa, ii.75,306 

soda, ii. 75 
Hlfdn-Jhuric acid, ii. 73, 611 

its properties, ii. 74 

— composition, ii. 75 
Bfingenj i. 177, 326, 464 

its absorption by charcoal, i. 419 

— combination with carbon, i. 435, 

469 

chlorine, i. 341, 465 

flnorine (fluoric acid), ii. 73 

iodine, i. 344, 466 

metals, ii. 15 

nitrogen, i. 361, 466 

oxygen, i. 330, 461 

pbosphoms, i. 410, 466 

sulphur, i. 396, 467 

— combustion, i. 327, 331 

— explosion with air, i. 327 

— ^— oxygen, i. 329 

— flame, heat of, i. 330 

— peroxide, i. 339 ; ii. 78 

— preparation, i. 326 

— - properties, i. 158, 327 

— purity ascertained, i. 381 

— refraction, i. 288 

— weight, i. 158, 327 

an element of water, i. 330 
with oxygen forms water, i. 810 
and chlorine, i. 341 

•— explode by sunlight,!. 801, 

341 

— carbon, i. 435 
*- cyanogen, i. 449 

— iodine, i. 846 
action of on metals, i. 15 

— potassium, ii. 86 
endionieter, i. 380 



Uydmgeny arsennretted, ii. 211 

bi-carburetted, i. 435 

bi-phosphuretted, i. 410 

carburetted, i. 435 

percarburetted, i. 485 

phosphuretted, i. 410 

potassnretted, ii. 36 

selenioretted, ii. 202, 441 

snlpharetted, i. 166,106, 467 

combined with alcalis, i. 899 ; 

u. 39, 50 

earths, ii. 65, 83, 91 

supersulphuretted, i. 401 

tellareUed, ii. 200 

gas obtained by Hales, i. 102 

Mayow, i. 71 

Cavendish on, i. 156, 326 

• sounds prodaced by, i. 889 

recommended for balloons by 

Dr. Black,!. 158 

Cavallo,!. 158 

holder, i. 828 

Hydrogunt nf earbm^ i. 485 

phosphorus, i. 410 
HifdrogureUy metallic, ii. 15 
Hydngwretted ndphuTy i. 401 

sulphurets, ii. 19 

of metals, ii. 19 

antimony, ii. 179 

Hffdrmome acid (bydriodic acid), i. 846 
HydnrntUTy iii. 129, 137 
Hfdro-nUrie aetd, i. 355 
Hydnntxides (hydrates). 
Hydro-oxide of cobaUy ii. 188 
copper, ii. 149 
nickel, u. 232 
UydnphaUy ii. 307 
Hydro^photpkoric gaSy i. 412, 468 
its properties, i. 412 
— composition, i. 413 
Hydro-pluuplumutacidyi. 404, 410,408 

decomposition of, i. 413 
Hydro-phoipkuret of ttaie, ii. 68 
I Bydro-pimmudk apparatus^ i»ll& 



HYD 



INC 



Hffdro-guJtphBret 0/ ammmdn, i. S99,4eT 

ased as a test, ii« SO 

antimony^ ii. 179 

baryta, ii. 8S 

lead, ii. leo 

lime, ii* 66 

potassa, ii. 89 

soda, ii. 60 

strontia, ii. 91 

tin, U. 146 
Hydro-^phireited oxide af oMiimoiqr, ii. 
179 

bismuth, ii. 186 

cobalt, u. 191 

lead, ii. 169 

nickel, U. 2S5 

tin, ii. 145 
Hydn-mlphtretUd iucidesy ii. 19 
H^dnhmUfhuricacidy L9S6 
Hydrotkmic acid, i. 896 
Hydfwret of anenkf ii. 211 

metals, ii. 16 

potassium, ii. 86^ 606 

telliiriam,ii.90O 
Hygrometer, i. 885 

Daniell's, i. 386 

De Luc's, i. 386 

Saussure's, i. 886 

Wilson's, i. 885 
Hygrrnnetfie powers 0/ sulphuric acid, i 
890 

water, i. 385 
Hygroacopes, i. 386 
Hyoscyama, iii. 117 
Hyper'oxymuriates (chlorates) 
Hypo-nUroua acid, i. 361 
Hypo-phosphite of baryta, ii. 87 

lead, ii. 169 

lime, ii. 68 

magnesia, ii. 99 

raanganese, ii. 100 

potassa, ii. 43 

soda, ii« 62 

strontia, U. 02 



Hypo'phosphme acid ( p hosph a t t c mid\ 

i.407 
Hypo^thosphanm add^ i. 4M,4BI 
Hypo-^Mifhaie of barytMy iL 84 
Hypo-su/^hates, metallic, ii» IB 
Hypo-mdphUeif awmmua^^m 

baryta, u. 66, 88, 618 

copper, ii. 166, 624 

lead, ii. 168 

lime, ii. 66, 611 

magnesia, ii. 97, 616 

manganese, ii. 108, 517 

mercury, ii. 256 

metals, ii 17 

potassa, U. 40, 66, 506 

silver, U. 876 

— — and potassa, ii. 277 

soda, ii. 51, 66, 608 

strontia, ii. 514 

tin, y . 145 

sine, ii. 186, 621 
Hypo^mdphmric add, i. 887 ; ii. 84 
Hypo-mtpkwrous add, i. 887, 466 



ICE, its properties, i. 888 
lighter than water, i. 888 
specific gravity of, i. 888 
produced by evaporatioD, i. 12S 
quantity of heat abscwbed bj in 
liquefactioD, i. 289 

Iceland crystal, i. 289 
moss, iii. 126 
spar, i. 280; ii. 70 

Idoerate, ii. 814 

Igasurate of stryekma, iiL 78 

Igaswric acid, iii. 78 

Ignitum, i. 306, 306 
of air, i. 805 
by combustion without flame, i. IM 

Illumination by gas, i. 489 
economy of, i. 440 

Imponderable matter, i. 285 



INC 



lOD 



inemiducetii bodies, phnnomeiia of, i. SOS 
Inch cubic of waier, weight of, t S38 
IndeUble ink, ii. 275 
Indian ink, iii. 103 
Indian sled, ii. 130 

analysis of, ii. S87 
IndicaHona ci mitdBic vetns, iii. 807 
Indigo, iii. 48 

analyzed, iii. 49 
Indigogene (sublimed indigo), iii. 48 
Inductum, electrical, i. 255, 968, 954 
Infectious atmosphere, famigation of, iii. 

174 
InfiamrnabUky of ether, iii. 161 
It^ammable air, Cayendish on, i. 157, 
396 
fossils, iii. 76* 
lamp, Volta's, i. 3S0 
pistol, i. 827 
sabstances, simple, i. 380 

positive electrical state of, i. 

274 
it^iammation 6y dedrUUf, i. 968 
ink, iii. 102 

Indian, iii. 108 
indelible, ii. 275 
printers', iii. 56 
receipt for, iii. 109 
sympathetic, muriate of cobalt, ii. 
180 

nitrate of bisnnith, n. 186 

InsentOtU heat, i. 939 
hutitutum, Ttoffoil, yoltaic battery of the, 
i.279 
laboratory of flie, i. xiii. 
huukiors, Oeetrical, i. 958 
imdm, iU. 41' 

hUgral elements tf crystais, i. 907 
Intensity of electricity, i. 906, tt6 
lodate of ammama, i. S65, 466 
baryta, ii. 82, 518 
bismutii, ii. 185 
copper, ii. 158 
iron, ii. 117 



lodaJte of lead, ii. 166, 596 
lime, ii. 64 
mercury, ii. 258 
potassa, ii.85, 505 
silver, ii. 278 
soda, ii. 50, 606 
strontia,ii. 91,514 
tin, ii. 144 
zinc, ii. 185, 520 
Iodic acid, i. 324 

its action on metals, ii. 15 
Iodide of antimcny, ii. 177, 527 
arsenic, ii. 211,531 
barium, ii. 82,513 
bismuth, ii. 185, 528 
calcium, ii. 511 
cobalt, ii. 190 
copper, ii. 152, 524 
gold, a 284, 542 
iron, ii. 117, 519 
lead, ii. 166, 526 
lithium, ii. 58 
magnesium, ii. 97 
mercury, ii. 252,537 
nickel, ii. 233, 586 
nitrogen, i. 860, 466 
phosphorus, i. 410 
platinum, ii. 544 
potassium, ii. 85, 506 
silver, ii. 272, 540 
sodium, ii. 50, 506 
starch, iii. 80 
strontium, ii. 91,514 
sulphur, i. 898 
tellurium, ii. 200 
tin, U. 143,529 
zinc,ii. 185,590 
Iodides, metaUic, ii. 14 
iodine, i. 309, 328, 464 
discovery of, i. 894 
obtained, i. 898 
its properties, i. 821 
is electro-negative, i. 824 
forms a violet vapour, I. 



lOD 



IRO 



lodinef action of alcalis od, ii. S5 

eachlorine on, i. 885 

its nitraret, i. S60, 4GG 

— phosphuret, i. 410 

— snlphuret,!. 398 

— compounds with chlorine, i.S25, 

464 

— cyanogen, i. 449 

hydrogen, i. 944,466 

metals, ii. 14 

nitrogen, i. S60, 466 

oxygen, i. 824, 464 

phosphoraa, i. 410, 468 

sulphur, i. 896,467 

tested by starch, iii.80 

iodo-gklphuric acid, i. 896 

lodwrea (iodides) ii. 14 

Jodwrets (iodides) ii. 14 

Ipecaewmhay iii. 109 

active principle of, iii. 41 

iridtKffi, ii. 4, 268 

its discovery, ii. 268 

— properties, iL 268 
/roll, u. 110, 618 

processes of working it, ii. 128 
analysis of ores of, ii. 883 
decomposition of water by, i. 836 ; 

ii.l13 
not the cause of the red colour of 

blood, iii. 181 
tinning of, ii. 127 
and alumine, ii. 308 

— gold, ii. 288 

— nickel, ii. 236 
ammoniated, ii. Ill 
cast, ii. 127 

— contains silicium, ii. 806 
crude, or pig, ii. 127 
malleable, or bar, ii. 128 
meteoric, ii. 110, 288 
native, ii. 110 

ores clay ironstone, ii. 114 ; iii. 294 

— hematite, ii. 114 

— magnetLc, u. 114 



Irm ores, micaceouB, ii* 114 

— smelting of, ii. 116 
pyrites, ii. 118 

stone, argillaceous, ii. 114; iiL 2 

tartariEed,iii.82 

wrought, ii. 128 

its acetates, iii. 166, 8S0 

^ alloys, ii. 127, 236 

— arseniate, ii. 209, 682 

— bensoate, iii. 106 

— borate, ii. 127 

-— carbonate, ii. 122, 610 

— native, ii. 122 

-^ carburet, i. 168 ; U. 121, ISO 

— chlorides, ii. 116, 618 
analyzed, ii. 881 

— chromate, ii. 222, 684 

— ^— analysed, ii. 462 

— citrate, iiL 849 

— combuBtion, ii. Ill 
in chlorine, iL 116 

— compounds analysed, iL 888 
^ expansion by heat^ L 2M 

— ferrocyanate, ii. 122 

— ferroprussiate, ii. 122 

— gallate, iii. 102 

— hydriodates, ii. 1 17 

~ bydrocyanates, ii. 122 
-^ iodides, ii. 117, 519 

— muriates, ii. 116, 518 

— native state, ii. 110,288 

— nitrates, ii. 117, 519 

— ores, ii. 114 

— assay of, ii. 383 

— oxalates, iii. 90, 848 

— oxides, ii. Ill, 846, 518 

— • their composition, ii. Ill 

— analyzed, ii. 383 

— oxyphosphate, ii, 121, 519 

— oxysulpbate,ii. 120, 519 

— phosphate, ii. 120, 519 

— phosphuret, ii. 120, 519 

— — analyzed, ii. 387 

— \«tafietate, iii . 166 



IRO 



KLA 



Mrmt, its p«roxaliite, iil. 90 

— peroxide, ii. 112, 618 

— preparation, ii. 115 

— properties, ii. 110 

— protacetate, iii. 105 

— protoxalate, iii. 90 

— protoxide, ii. Ill, 618 

— saltfl, ii. 115, 127, 618 

— separation from manganese, ii. 

104, 381, 382 

— structure, ii. 128 

— succinate, iii. 68, 346 
~ sulphate, ii. 119,519 

analyzed, ii. 381 

with nickel, ii. 235 

— sulphuret, ii. 118,519 
— analyzed, ii. 386 

— snpersulphuret, ii. 118, 519 

— tanno-gallate, iii. 102 

— tartrate, ui. 82, 847 
with potassa, iii. 83, 347 

— tests, 1. 142, 161 ; ii. 127, 346,490, 

518 

— tincture, ii. 117 

— tungstate, ii. 228 

— use as a test, ii. 127 

— rarieties, ii. 127 
liKrn^,ii. 196 
Umglau, iii. 205 
/ffna(yttria)ii.330 
Iwry, iii. 215 

black, iii. 216 



JADE, ii. 316 

Jalapf iii. Ill 

Jomet'spoirdfr, composition of, ii. 180 

Jar, electrical, i. 259 

theory of, 1.261 
Jar^tm,ii. 326,478 
Jan for gates, i. 312 
Jasper tccre, Wedgewood*s, ii. 86 
J^^riea on diamonds, i. 41f 
Jat9, iii. 203 

VOU IIL 



JeOy, chemical properties of, iii. 203 

animal, iii. 203 
John, Dr., on the analysis of needle ore, 
ii. 423 

on cochineal, iii. 51 

— laccic acid, iii. 66 

— medullin, iii. 43 

— succinate of manganese, iii. 68 

— wax, iii. 54 

JointB, fluid in the cavities of the, iii. 
190 



KilU(pota38a), ii. 43 

Kater on the seconds' pendulum, i. 458 

on the French metre, !. 459 
KeiU on Burnet's theory of the earth, 

iii. 233 
Keir on the solution of sil^ er, ii. 278 
Kelpfii, 53 

the alcali in, ascertained, ii. 354 

iodine obtained from, i. 323 
Kermes mineral, ii. 179 
Kilbum waters, ii. 502 
KmaSym.2»l 
Ktnate of lime, iii. 108 
KhutteSy iii. 108 
Kinic acid, iii. 108 
KtrchqlT on conversion of starch into 

sugar, iii. 32 
Kinran on specific gravity of mineral 

waters, ii. 488 
Klaproth on antimonial ores, ii. 416 

on baryta, ii. 375 

— bell-metal ore, ii. S09 

— black sulphuret of copper, ii.406 

— cyanite, ii. 317 

— datolite, ii. 471 

— dolomite, iii. 266 

— emerald, ii. 479 

— harmotome, ii. 319 

— hyacinth, H. 828 

— kryoUte, iL 477 

— lepidollte.H.tVI 

2 F 



KLA 



LAW 



KUiproth on leacite, ii. 314 

— meUilite, iii. 77 

— moroxy lie acid, iii. 107 

— mario-carbonate of lead, ii. 415 

— pechblende, ii. 429 

— pliarmacolite, ii. 447 

— phosphate of copper, ii. 409 
— lead, ii. 41S 

— silver ores, ii. 460 

— spineUe, ii. 472 

— steatite, iii. 266 

— sulphate of lead, ii. 412 

— telluriam ores, ii. 4S4 

— tin ores, ii. S96 

— titanium ores, ii. 4S1 

— tungstate of lime, ii. 462 

— tnngstic acid, ii. 227 

— ulmin,iii. SB 
•— uranium, ii. 4, lOS 

— zirconia,ii.478 
Kmghfs/wmacef i. xv. 
Kmghi on the motion of sap in plants, 

ui. 8 
Kmanisi^ iii. 186 
Kwphotttey u. 316 
Krameric acidy iii. 108 
KryoUie analyzed, ii. 472 
Kunckel, i. 46 



LABORATORY of the RoyallfuiiMiaii, 

• • • ■ 

1. xiu. 
Labrador feldtpary iii. 263 
jLoc, iii. 66 

stick, iii. 65 

seed, iii. 66 

shell, iii. 66 

analysis of, iii. 65 
Laccaie of lead, iii. 66 
Laceates, iii. 66 
Laceic acid, iii. 66, 66 
Laceicactd,i. 169; iii. 185 
Lagrange on senna, iii. 116 
Lakt, iii. 61 I 

Lakei, fiUing up of,iU. ^U 



Lamp, miners' safety, i. SOT, 442 ; iii 

inflammable air, i. ISO 

glowing, i. 307 

black, i. 418 
Lampadku on carhwret ofmJifkitrf 1 46! 

native oxide of bismuth, ii. 423 
LampaUMy iii. 165 
Lampic joeid, iii. 154 

properties of, iii. 154 
Lanfon on padefor wri^fieial ^ f«f,iLM 
Lana philoaophiea, ii. 134 
Lane, i. 141 
Lantemfy, i. 306 
Lapit uifemaUs, ii. 273 

lazuli, analysis of, ii. 318 
Laplace on tpec\fic keai, i. 233 
£ani,iii.208 

Lastaigne on De^pAtM, iii. 74 
Laieni heat, i. 117, S39 

of water, i. 230 

— vapour, i. 244 
Lttugier on meUerie stoma, ii. 241 

sulphurets of arsenic, ii. 214 

Larnnonite, ii. 313 

Lavoisier opposed to the pUogistic Aeet, 
i.67 
his theory of combustion, i. 67 
notice of his researches, i. 172 
on aeriform bodies, i. 174 

— apparatus, i. 181 

— the atmosphere, i. 175 

— caloric,!. 174 

— combustion, i. 176, 317 

— diamond, i. 177 

— eudiometry, i. 383 

— heat, i. 174 
specific, i. 233 

^ — light, i. 179 

— nomenclature, i. 176^ 183 

— oxygen, i. 175 

— salts,!. 174,178 

— specific heat, i. 283 

Laws, general, of chemical changes,L 191 
oCToltaic decompoiitioo, i. 273 



LEA 



LEA 



XmT, ii. 59i, 163 

analysis of its componndBy ii. 412 

ores, ii. 41S 

pariiicatioii of gold and silver by, 

it 282 
production of oxygen from oxides 

of, i. sn 
Goulard's extract of, iii. 100 
and gold, ii. 288 
red, ii. 164 
white, ii. 170 
sugar of, iii. 167 
its acetate, iii. 162, 163, 167, S60 
used as a test, i. 145 

— alloys, ii. 171 

— amylate, iii. 31, 345 

— arseniate, ii. 210, 447, 532 

— benzoate, iii. 104, 106, 850 

— bignmmate, iii. 345 

— binamylate, iii. 31, 345 

— borate, ii. 171 

— carbonate, ii. 170, 527 
analyzed, ii. 414 

— chlorate, ii. 166, 626 

— chloride, ii. 165, 526 

— chromate, ii. 222, 223, 535 

— used as a colour, ii. 221 

analyzed, ii. 451 

— citrate, iii. 96, 349 

— combustion, ii. 163 

— detection in waters, ii. 501 

— deutoxide, ii. 164, 526 

— expansion by heat, i. 224 

— ferrocyanate, ii. 171 

— gallate, iii. 100 

— gummate, iii. 19, 345 

— hydrosnlphnret, ii. 169, 526 

— hyposulphite, ii. 168 

— iodate, ii. 166, 526 

— iodide, ii. 166,526 

— laccate, iii. 66 

— laccates, iii. 66 

— malate, iii. 98 

— molybdate, ii. 220, 534 



Leady its molybdate, analyses of, U. 450 
-— moroxylate, iii. 107 

— muriate, ii. 165, 526 

— native analyzed, ii. 414 

— natural states, ii. 168 

— nitrates, ii. 166, 526 
used as a test, i. 150 

— nitrites, ii. 167 

— Ditrophosphate, ii. 170 

— ores, ii. 163, 412 

assay of, ii. 415 

analysis of, ii. 412 

— oxalate, iU. 88, 91, 348 

— oxides, i. 221 ; u. 161, 348, 526 

— peroxide, ii. 164, 526 

— phosphate, ii. 169, 527 
analyzed, ii. 418 

— phosphite, ii. 169, 527 

— phosphuret, ii. 169, 527 

— preparation, ii. 163, 167 

— properties, ii. 163 

— protoxide, ii. 161, 526 

— saccharate, iii. 28, 345 

— salU, table of, ii. 526 

— subnitrate, ii. 166, 526 

— subphosphate, ii. 170 

— subacetate, iii. 168 
used as a test, iii. 160 

— succinate, iii. 68, 846 

— sulphate, ii. 168, 526 
analysis of, ii. 412 

— sulphite, ii. 168, 526 

— sulphorinate, iii. 154 
•— sulphuret, ii. 167, 526 
analysis of, ii. 412 

— soperacetate, iii. 168 

— superphosphate, ii. 170 

— tannate, iii. 45, 845 
~ tartrate, iii. 79, 84, 843 
with potassa, iii. 84, 847 

— tesU,i. 150; iL 171, 848, 601,526 
Leaf^ gold, ii. 283 

silrer, ii. 267 
Leamnifioii iMtont, iL 61S 

2F2 



LEA 



LINf 



Ifovfi 9/ j^anU^ theif fanctiouf , i. 105 ; 

iii.4,6 
Leaves tfpUaUy iii. 116 
Lmther, nature of; iii. 206 

curried, iii. 206 

tanned, iii. 206 

tawed, iii. 806 
Lehman, his geological views, iii. 247 
Leibmtz'e theory ef the earth, iii. 236 
Lemery, i. 45, 54 

on the Arbor Diane, ii. 274 
Lemons, acid of, iii. 03 
LentiUs, iii. 119 
LtpidoUte, analysis of, ii. S17 
LesUe on r^frigeroHon, i. 122, 247 

specific heat, i. 23S 

the radiation of cold, i. 96 

. heat, i. 298 

LesUe's photometer, i. 300 

differential thermometer, i. 231 
Leucine, iii. 207 

LeucUe, analysis of, ii. 314, 369 
Ley, iii. 67 
Leyden phial, i. 259 

experiments with, i. 260 

polar arrangement of, i. 261 
Lias Umestone, iii. 295 
Libamis, faming liquor of, ii. 142 
Liber of trees, iii. 3 
Lichen Islandicus, iii. 125 
Uchens, iii. 125 

L^e supported by oxygen gas, i . 316 ; iii . 226 
Ligaments, iii. 207 
Ught, i. 28G 

its absorption, i. 287 

— analysis, i. 292 

— chemical effects, i. 180, 300, 341 

— composition, i. 292 
•^ decomposition, i. 292 

— double refraction, i. 288 

— effects on crystallization, i. 196 
vegetation, i. 179 

' salts of silver, i. 301 

— elementary TayB,\, 2ni 



Lig)kl,itf evolution by electiicity, i. 21 
272 

firictioB, i. t0& 

heat,!. SOB 

— I>ercii88ion, i. lOi 

— extraordinary refractioB, i. fl> 

— polarization, i. 990 

— prismatic Qolovrs, i. 201 

— properties, i. 287 

— reflection, i. 286, 288 

— refraction, i. 28T 

— sources, i. 280, SOS 

— velocity, i. 286 
electrical, 1,258,272 
phosphorescent, i. 304 
solar, i. 292, 341 
voltaic, i. 272 

of flames, i. 306 

a ray of, i. 286 

production of magnetisBi by, i. I 

instrument to measure, i. 800 

value of firom different souices, 
441 

Scheele on, i. 164 
Light hydrocarbonote, i. 438 
Lightning, i. 280 

conductors, i. 280 
lAgmn, iii. 42 
Limbourg i. 79 
Ume, ii. 60, 510 

used as a manure, i. 116 

analysis of compounds of, ii. 270 

crystallized, ii. 61 

Dorking, ii. 325 

slaked, ii. 61 

produces heat, i. 241 

oil of, ii. 63 

water, ii. 61 

test for carbonic acid, ii. 70 

its acetate, i. 196 ; iii. 165, 350 

— analysis, ii. 60 

— appearance before the blowpip 

ii.340 
» arseniate, ii. 208, 513 



LJM 



LIN 



, its aneniate, analysed, ii. 448 

— aneaite, ii. 205 

-^ benzoate, iiL 105, 350 

— biphosphate, ii. 60, 512 

— borate, u. 72, 512 

— camphorate, iii. 63 

— carbonate, i. 196,429; it 60,70, 

493,511 
analyzed, ii. 371 

— — — native, ii. 70 
phosphorescent, i. 301 

— chlorate, ii. 63,510 

— chloride, iii. 63 

— citrate, ui. 04, 340 

— chromate, ii. 223, 534 

— composition, ii. 60, 510 

— fl(iate,u.73,5ll 

— hydrate, ii. 61, 510 

— hydriodate, ii. 64, 511 

— hydrosulphuret, ii. 65 
-* hydrophosphuret, ii. 68 

— hypophosphite, ii. 68 

— hyposulphite, ii. 65, 511 

— iodate, ii. 64 

— kinate,iii. 106 

— meconiate, iii. 71 

— moroxylate, iii. 107 

— moriate, ii. 62, 510 

in mineral waters, ii. 490 

used as a test, i. 144 

— natural state, ii. 60 

— nitrate, ii. 54, 511 

— number, ii. 373 

— oxalate, iii. 89,201,348 

— oxyodate, ii. 511 

— oxymuriate, ii. 63, 510 
used in bleaching, ii.63 

— phosphate, ii. 69, 372, 511 ; ilL 

200 
in urine, iii. 193 

— phosphite, ii. 60 

— phosphoret, i. 411 ; ii. 68, 511 

— preparation, ii. 61 



Limey its properties, ii. 61 

— purity ascertained, ii. 370 

— quadriphosphate, iL 70 

— salts, table of, ii. 510 

— separation from magnesia, ii. 

103,494 

— solution in water, ii. 62 
carbonic acid, i. 153; ii. 70; 

iii. 311 

— subphosphate, ii. 70 

— succinate, iii. 67,345 

— sulphate, i. 194 ; ii. 66, 511 ; iii. 

290 
native, ii. 67 

— — analysis of, ii. 371 

— sulphite,ii. 66, 511 

— sulphuret, ii. 65 

— supercarbonate, ii. 70 

— tartrate, iii. 82,347 

— —^ with potassa, iii. 82, 347 

— tests, i. 143 ; ii. 72, 340, 401, 511 

— tongsUte, u. 225, 228, 535 
analyzed, ii. 453 

LimesUnu, ii. 71 

argillaceous, iii. 295 

bituminous, ii. 72 

curvatures of, iii. 285 

granular, ii. 71 

lias, iii. 295 

magnesian,iii. 266 

analysisof, ii. 871; iii. 266 

mountain, iii. 284 

localities of, iii. 286 

aspect of, iii. 286 

chasms in, iii. 286 

curved, iii. 285 

position of, iii. 284 

secondary, ii. 71 ; iii. 284 

strata, curved, iii. 285 

transition, iii. 284 

white and blue lias, iii. 295 
LaMHoator, iL 62 

a test for carbonic acid, i. 148 . 



LIQ 



MAG 



UquefactioHy i. 119 
Black on, i. 239 
prodQcescoId,!. 239 

Lupud hhie, iii. 48 

muriatic acid, i. 343 

li^iitdt, i. 286 

compounds of solids and heat, i.243 

expansion of, by lieat, i. 224 

their conducting power for heat, i. 

237 
evolve heat on solidifying, i. 241 
absorb heat on vaporizing, i. 243 
specific heat of, i«233 
produced from gases, i. 214 
their specific gravity ascertained, 

mm 

u. 7 
liquor ammonue, i. 362 

aceUtis, iii. 164 

subcarbonatis, i. 433 

arsenicaliSyii.^OS 

calcis, ii. 62 

plumbi subac^tatis, iii. 168 

potassao subcarbonatis, ii. 43 

silicum, ii. 298 
Liqwifiety iii. Ill 
Lui tf eUetrieai emtductora^i, 254 

the metals, ii. 1 

LUhia, ii. 67, 509 

minerals containing it, ii. 57 
prepared, ii. 67 
its analysis, ii. 67 

— appearance before the blow-pipe, 

ii. 341 

— carbonate, ii. 69,610 

— chlorate, ii. 510 

— muriate, ii. 58 

— nitrate, ii. 58, 610 

— phosphate, ii, 69, 510 

— properties, ii. 58 

— salts, table of, ii. 609 

— sulphate, ii. 59, 610 

— tests, ii. 341,609 
LUkic acid, iii. 192 



Li<fttMM,U.57,609 

iU chloride, ti. 66, 609 

— combinations analyied, it 10 

— iodide, ii. 68 

— oxide, ii. 67, 600 

— salts, ii. 609 

— sulphuret, ii. 68 
LUnuUjm. 125 

used as a test, i. 142 ; iii. 123 
Lner tf taUimamify ii. 17B 

sulphur, ii. 39 

volatile, i. 400 

Lottf'Mugar, iii. 26 
LobsUrshOl, ui. 214 
LogomHrie scale of Dr. WoUaston, i fiS 
LoguHfod, iii 116 

Lowitz on the properties of rhawoti, L 
418 

production of cold by loliitioB d 
potash, ii. 32 
Luaime,u,72; iii. 288 
Luify, Paifmondf i. 13 
iMminous bodieM, phsenomena of, L SOI 

fish, i. 306 

ray, i. 286 

spiral tubes, i. 259 
Luna cornea, ii. 270 
iMuar caustic, ii.' 273 
Lupin seeds, ill , 120 
Lvee9,ii. 324 

vitrifiable, i. 403 
Ijfcopodium, iii. 121 
Lymph, iii. 188 

nature of, iii. 188 



MACBRIDE on fixed air, L 116 
Mac CuUoch, Dr., on granite tors, iii.3n 
Machine, electrical, i. 266 
Macquer on Prussian blue, i. 170 
Maequer^s neutral arsadcal saU, iL 207 
Madder, iii. 110 
Magendie on emetin, iii. 42 
v^cAK^aA&ba.^iU. 109 



MAG 



MAL 



MmguUfy tf hitmdhy ii. 185 
JttVM»a,u.05,615 

Black oBy i. 116 

Hoffinan on, i. 116 

calcined, u. 96 

caostic, ii. 96 

mild, u. 100 

BatiTe, ii. 96 

iU acetate, iii. 166,360 

— ammonio-nitrate, ii. 07, 616 
phosphate, ii. 100, 616 ; iii. 

104 
sulphate, ii. 90, 616 

— appeanmce before the blowpipe, 

ii.S40 

— aiseniate, ii. 208, 632 

— aisenite, ii. 206 

— base, ii. 95 

— benzoate, iii. 105 

— bicarbonate, ii. 101, 617 

— biphosphate, ii. 100, 616 

— borate, ii. 101, 617 

— carbonate, ii. 100, 406, 617 
— analyzed, ii. S78 

— chlorate, ii. 97, 616 

— citrate, iii. 95, S40 

— composition, ii. 96 

— compounds analysed, iL 876 
•— hydrate, ii. 616 

— hydriodate, ii. 97, 616 

— hypophosphate, iL 99 

— hyposulphate, ii. 97, 616 

— muriate, ii. 96, 497, 616 

— nitrate, ii. 97, 516 
•^ oxaUte, ui. 89, 348 

— phosphate, ii. 99, 616 ; iii. 196 
-^ with ammonia,ii. 100 ;iii. 194 

— I^iospharet, ii. 99 

— preparation, ii. 96 

— properties, ii. 95 

— salts, table of, ii. 615 

— salts, tests of, ii. 101, 616 

-^ separation from lime, ii. 100, 106, 
178,494 



MtLgnenOj its sources, ii. 96 

— succinate, iii. 67, 346 

— sulphate, ii. 96, 616 

analyzed, ii. 376 

with potassa, ii. 99, 616 

— sulphite, ii. 97, 616 

— sulphuret, ii. 97 

— tartrate, iii. 82, 347 

— tests, ii. 102, 340, 491, 616 

— tungstate, ii. 228 
Magnuut carbcnas, ii. 100 
MagnenanfamUf ii. 102 

analyzed, ii. 378 

limestone, ii. 102; iii. 266 
analyzed, ii. 871 ; iii. 206 

Magnetiiey ii. 101 

Magnnhim, ii. 96 

its amalgam, ii. 95 

— compounds analyzed, ii. 876 

— chloride, ii. 96, 516 

— iodide, ii. 97 

— oxide, ii. 96, 616 

— salts, table of, ii. 616 
Magnetic iron ore, ii. 114 

analyzed, ii. 383 

pyrites, ii. 118 

— — analyzed, ii. 384 
Magnetitm produced 6y electricHf^ i. 273 

light, i. 302 

its application as a test, ii. 336 
MoIaMU, ii. 169, 411 
MalaU^kad,m.W 
AfaJic acid, iiL 97, 349 

its preparation, iii. 97 

— properties, iii. 98 

— composition, iii. 98 

the same with the sorfolc acid, iii. 97 
MoUeahk metaU, list of the, iL 8 
Mdi, iii. 31 

its composition, iii. 32 

process of making, iii. 31 
Afoif , spirit, iii. 161 
MoMz, iii. 76 
JlfaMv, iii. 31 



MAL 



MAT 



Malting, converts starch into 8ngtr,iii.32 
Mahis ON pdarvsation cfUgkt, i. 291 
Manganemne (chloride of mimganese), 

ii. 106 
Monganesate tfpotassa, ii. 106 
Manganese^ ii. S, 101, 517 

Scheele on, i. 106 

tinges glass, ii. 110 

its acetate, iii. 165, 850 

— arseniate, ii. 208, 6S2 

— benzoate, iii. 105 

-— carbonate, ii. 109, 517 

— chlorate, ii. 106 

— chloride, ii. 106, 517 

— citrate, iii. 96, S49 

>— compound with potash, ii. 106 

— tsomponnds analyzed, ii. S81 
table of, ii. 517 

— deuto-snlphate, ii. 106 

— deutoxide, ii. 105, 517 
— • hydrated oxide, ii. 105 
** hyposulphite, ii. 108, 517 

— muriates, ii. 106 

— nitrates, ii. 107, 517 

— ores analyzed, ii. 881 

— oxalate, iii. 348 

with potassa, iii. 90, 848 

— oxides, ii. 104, 845, 882, 517 

their composition, ii. 106,517 

used in glass-making, ii. 299 

— peroxide, ii. 105, 517 

— phosphate, ii. 109, 517 

— phosphite, ii. 109, 517 

— phosphuret, ii. 109, 517 

— preparation, ii. 104 

— presence in mineral waters, ii. 500 

— properties, ii. 104 

— protoxide, ii. 105, 517 

— salts, ii. 106, 109, 517 

^ separation from iron, ii. 104, 381, 
382 

— sources, ii. 104 

— succinate, iii. 67, 842 

— sulphate, ii. 108, 5i7 



Mfrnganesty its sulphuret, ii. 106 

— tartrate, iii. 82, S47 

— tests, i. 142 ; ii. 169, S46, SIT 

— tungstate, ii. 218, 635 

— uses, ii. 109 
Manganes'c acid, ii. 106 
Manheim guid, i!. 161 
itfinma, iii. 29 

metallorum, ii. 845 
Mtamn, iii. 9 

lime recommended for, i. 116 ; in. 9 
Maple iugaTf iii. 27 
MarbU, iii. 265 

locaUties of in Britain, iii. 

primitive, iii. 266 

black, iii. 288 

secondary, iii. 284 

statuary, iii. 265 

is phosphorescent, i. 304 

its geological position, iii. 
Marbre di Bergamo^ ii. 68 
Marcet on eaicuU, iii. 202 

carburet of sulphur, L 4SS 

chloride of silver, ii. 271 

seram, iii. 177 
Margarate of potassa, iii. 210 
Margaritic acid, iii. 210 
Margraaf, i. 148 
Marking ink, ii. 275 
Blarl, red, in. 288 
Marls, ii. 72 

analysis of, iii. 322 
Marly clay, ii. 820 
Marmor metalUcum (native sulphate of 

baryta,) ii. 85 
Mars, ssfiron of, ii. 112 
Martiai, Ethiops, ii. 112 

regulus, ii. 182 
Mascagnine, i. 397 
Mass, its influence on chemical affiaitj, 

i. 81, 216 
Massicott, ii. 164 
Mastie, m. 65 
Matches, phosphoric, i. 4M 



MAT 



MER 



Mairijr, iii. SOS 
Mairass, ii. 243 
Matter, imponderable, i. 285 

nuiiant, i. 285 

heat, i. 293 

light, i. 286 

powers and properties of, L 191 

iU fonns, i. 286 

— how modified, i. 192 

or states, modified by heat, 

i. 238 



MajfeVy on the conducting power of 

woods for heat, i. 235 
Mi9(nr,i.54,97, 131 

on chemical affinity, i. 73 

— hydrogen, i. 71 

— metallic salts, i. 73 

— nature of salts, i. 73 

— respiration, i. C9 
Meanati, English, i. 457 

reduced to French, i. 459 

French, i. 459 

reduced to English, i. 461 

Hedumieal dirision influmces chemicat 

f^ffi^y, i- 2IG 
Mecimiate of ammonia, iii. 71 

lime, iii. 72 

potassa, iii. 71 

soda, iii. 71 
Mecomc acid, iii. 70, 346 
Medicated waters, artilicial, i. 147 
Medicine, improved by chemistry, i. 39 
MedvIHn, iii. 43 
Melanite, ii. 314 
MeUuses, iii. 21 
MeUilite, iii. 77 
Meiatic acid, iii. 77 
Melting, points of metals, ii. 11 
Membranes, iii. 207 
Menachanite, ii. 196 

analyzed, ii. 431 
Menilite, ii. 307 
Menigpermic acid, (from menispennum 

cocculus,) 
Mepkitic air, i. 175 
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Merat-ihtUlot on lobster-shell, iii. 214 
Mercurial horn ore, ii. 247 

trough,!. 128,320 
Mercvrius dulcis, ii. 245 

vita, ii. 177 
Mercwrio-pneumatic apparatus, i. 320 
Mercury, ii. 242, 537 

native, ii. 242 

calcined, ii. 248 

fulminating, iii. 157 

assay of its ores, ii. 459 

nitric oxide of, ii. 254 

forms amalgams with metals, ii. 260 

action of oxygen on, ii. 213 

chlorine on, ii. 244 

sulphur on, ii. 254 



its acetate, iii. 169, 350 

— aUoys, ii. 260 

— amalgam with ammonia, ii. 261 
copper, iL 260 

gold, ii. 291 

potassium, ii. 260 

silver, ii. 281 

sodium, ii. 260 

zinc, ii. 260 

— arseniates, ii. 259, 539 

— benzoate, iii. 106 

— bi-chloride, ii. 247, 537 

— bi-persnlphate, ii. 257 

— bi-solpharet, ii. 256, 538 

— black oxide, ii. 243 

— black sulpharet, ii. 254 

— borate, ii. 259, 639 

— capacity for beat, i. 232 

— carbonates, ii. 258, 539 

— chlorate, ii. 537 

— chlorides, ii. 244, 537 

— chromate, ii. 222, 259 

— citrate, iii. 96, 349 

— congelation, ii. 242 

— cyanuret, i. 446 ; ii. 258, 639 

— compounds analyzed, ii. 458 

— expansion by heat, i. 

— hydriodate, ii. 6S7 



MEK 



MET 



Mercmy, its iodate, ii. aS9 

— iodide, ii. SS2, 6S7 

— molybdate, ii. 220, 2S9 

— muriate, ii. 247 

^ used as a test, i. 160 

witli ammonia, ii. 261 

-* murio-sulphate, ii. 460 

— nitrate, ii. 252, SBS 
used as a test, i. 144 

— nitroxide, ii. 264 

— oxalate, iii. 92, 946 

— oxides, u. 242, 349, 697 

— oxymuriate, ii. 247 
used as a test, i. 160 

— oxynitrate, ii. 262 

— oxyphospbate, ii. 298 

— perarseniate, ii. 699 

— percarbonate, ii. 268, 699 

— perborate, ii. 699 

— perchlorate, iL-260 

— percbloride, ii. 247 

— periodide, ii. 697 

— pemitrate, ii. 262, 698 

— peroxide, ii. 249, 697 

— peracetate, iii. 170 

— perphosphate, ii. 269, 699 

— persulphate, ii. 257, 698 

— phosphate, ii. 258,699 

— phosphuret, ii. 268 

— preparation, ii. 242 

— properties, ii. 242 

— protacetate, iii. 170 

— proto-arseniate, ii. 599 

— protocarbonate, ii. 268, 699 

— protoborate, ii. 699 

— protochlorate, ii. 261 

— protochloride, ii. 244 

— protonitrate, ii. 262, 698 

— protophosphate, ii. 699 

— protosulphate, ii. 256, 698 

— protoxide, ii. 249, 697 

— purification, ii. 242 

— red oxide, u. 249 

— * ^ 9iilphiuet,u.25& 



Mercuffj its sources, ii. 212 

— submuriate, ii. 244 

— subnitiate, ii. 269 

— suboxynitrate, ii. 969 

— subperacetate, iii. ITO 

— subpemitrate, ii. 969, 698 

— subpersulphate, ii. 267, 698 

— subsulphate, ii. 967 

— sulphate, ii. 9B4S 998 

and ammonia, ii. 268 

-- sulphuret, ii. 264, 469, 598 
-^ superperacetate, iii. 170 

— supemitrate, ii. 259 

— supersulpbate, ii. 967 
--tartrate, iii. 86, 847 

— tests, ii: 260, 949, 6at 

— volatilization, ii. 242 

— white precipitate, ii. 251 
ilfesoiype, ii. 919 

MetaJUc acids, ii. 19 

action of bio wi^pe on, it I 

alloys, ii. 24 
ammoniuiets, ii. 17 
ananiates, ii. 207, 692 
arsenites, ii. 206 
borates, ii. 22 
borurets, ii. 22 
carbonates, ii. 22 
carburets, ii. 22 
chlorates, ii. 14 
chlorides, ii. 19 
chromates, ii. 229, 534 
colours for glass, ii. 904 
hydrates, ii. 15 
hydriodates, ii. 14 
hydrognrets, ii. 16 
hydrurets,ii. 16 
hyposulphates, ii. 18 
hjrposulphites/ ii. 17 
iodates, ii. 15 
iodides, ii. 14 
lustre, ii. 5 
nitrates, ii. 16 



MET 



MET 



Meiame oxides, U. IS 

oati?e, ii. 4 

decomposed by chloriiie, ii. IS 

action of the blowpipe od, ii. SS9 

M^able in acids, i. 178 

phosphates, ii. 21 

phosphurets, ii. 21 

salts, natiTe, ii. 6 

sulphates, ii. 18 

sulphites, ii. 18 

solphorets, ii. 17 

natire, ii. 6 

▼ems, iii. 804 

dates of, iii. SOT 

formation of, iii. S06 

accidents of, iii. S06 

indications of, iiL S07 

MMOtfertrng rock$, iii. 805 

districts, iii. 306 
Bkia tt ita ti eH qfammmaa, ii. 261 
MeimU, enumeration of, ii. 1 

anciently known, ii. 3 

symbols of the seven ancient, ii. 3 

are electromotors, i. 208 

contact of, produce electricity,!. 186^ 
268 

not soluble in acids, i. 178 

classed, ii. 25 

table of, ii. 505 

tableofbritUe,u.9 

ductile, ii. 8 

hard, ii. 10 

malleable, ii. 8 

their specific gravity, ii. 5, 508 

tenacity, ii. 9 

precipitates by ferro-prussiata 

of potassa, ii. 126 

—-' according to their attraction 

for oxygen, ii. 26 
action of acids on, i. 1T8 
-^- ammonia on, ii. 16 
^— boron on, ii. 22 

carbon on, ii. 22 

— ' chloric add on, ii. 14 



Meialiy action of chlorine on, ii. 18 

heat on, ii. 11 

hydrogen on, H. 18 

iodic acid on, ii. 15 

iodine on, ii. 14 

muriatic acid on, ii. 14 

nitric acid on, ii. 16 

— - oxygen on, ii. 11 

phosphorus on, ii. 21 

sulphur on, ii. 17 

su!pburetted3iydrogenon,ii.l9 

sulphuric acid on,ii. 18 

— — water on, ii. 15 
their alloys, ii. 22 

> ammouiurets, ii. 17 

borates, ii. 22 

borurets, ii. 22 

carbonates, ii. 

— carburets, ii. 

chlorates, ii. 14 

chlorides, ii. 18 

— coloured precipitates, iL 20, 
126; iii. 101 

combustion, i. 278 ; iL 12 

by electricity, i. 278 ; ii.lS 

compounds, table of, ii. 505 

crystallization, i. 104 

ductility, ii. 8 

equiralent numben, taUt of, 

ii.506 

expansion by heat, i. 221 

fusibility, ii. 11 

fusion by voltaic eleetridtyy 

i.278 
general properties, ii. 1 

— history, ii. 8 

hydrates, ii. 15 

hydrosulphurets, IL 10 

hydnirets,ii. 15 

hyposulphates, ii. 18 

hyposulphites, ii. 17 

iodates, ii. 15 

iodides, ii. 14 

maUeabifi!br,U.% 



262 



MET 



MOL 



Metals, their native states, ii. 4 

uitrates, ii. 16 

opacity, ii. 6 

oxides, ii. 12 

oxydation, ii. 12 

phosphates, ii. 21 

pbosphurets, ii. 21 

power of conducting heat, i' 

235; ii. 6 

electricity, i. 254, 277 ; 

11. 5 

properties, ii. 1 

relative expansibility, i. 221 

' • specific gravity, tables of, ii. 

5,606 

sulphates, ii. 18 

sulphites, ii. 18 

sulphurets, ii. 17 

symbols, ii. S 

tenacity, ii. 9 

tests, i. 143, 150 ; ii. 20, 126 ; 

iii. 100 

transmutation, i. 6 

volatility, ii. 11 

Meteoric iron, ii. 238 

stones, ii. 110,236 

their supposed sources, ii. 239 
MeteoiolUes, ii. 236 
Metre, i. 469 
Mica, characters of, iii. 253 

uses of, iii. 253 

uranitic, ii. 193 

slate, iii. 254 

composition of, iii. 253 
Micttceaiu iron ore, ii. 114 
Microcosndc salt, ii. 53 ; iii. 194 
Miemite, ii. 102 
Milkji.im; iu. 182 

properties of, iii. 182 

vinous fermentation of, iii. 185 

acid of, iii. 184 

sugar of, i. 169 ; iii. 184 

of sulphur, i. 387 
Mtfidero'iu's spinljiu.!^ 



Mineral adipocere, iii. 76 

Mineral asphaltvmy iii. 75 
caoutchouc, iii. 76 
cameleon, ii. 106 
pitch, iii. 76 
tar, iii. 75 
veins, iii. 304 
waters, i. 116, 141 ; 11.487,602 

arrangement of, ii. 487 

analysis of, i. 146 ; ii. 484, 

carbonated, ii. 502 

^— - chalybeate, ii. 502 

carbonic acid in, i. 427 

examination of, ii. 487 

saline, ii. 502 

sulphureous, ii. 502 

substances contained in. 

489 

table of, u. 602 

tests required for their exi 

nation, ii. 485 
yellow, ii. 165 

AftR^iilf, aluminous, ii. 312 
magnesian, ii. 102 
siliceous, ii. 306 
8ilico-aluminous,ii. 313 
analysis of, ii. 358 
tested by tlie blow-pipe, ii. 337 

Miners' safety-lamp, i. 307, 443; iii. : 

Mines of salt, iiL 290 
fire-damp of, i. 442 

Minium, ii. 104 

Mint, purification of spoiled air b; 
132 

Minus electricity, i. 250 

Mispickel, ii. 215 

Mixture, freezing, i. 2 
of gases, i.329 

Mqff'at waters, ii. 502 

Moirie mHaUique, ii. 127 

Molasses, iii. 21 

Molyhdate of ammonia, ii. 219, 5M 
of lead, ii. 220, 5^4 
analyzed, ii. 450 



MOL 



MUR 



Mtiybdake of mercury, ii. 220, 259 
of nickel, ii. 220 

— potassa, ii. 219, 5S4 

— silver, ii. 220, 541 

— soda, ii. 220, 534 
Mcfybdemim, u. 4, 218, 533 

its acids, ii. 218, 533 

— ores, ii. 218 
analyzed, ii. 450 

— oxides, ii. 218, 533 

— preparation, ii. 218, 533 

— properties, ii. 218 » 

— sulphnret, ii. 220, 533 
analyzed, ii. 450 

— tests, U. 342 
Mefybduacid, i. 168 ; ii. 218, 342, 533 

its properties, ii. 219 

— salts, ii. 219,531 
Mobfbdoui add, ii. 218 
Mont BUmc^in, 2r.8 
Moomstone, iii. 253 
Mordant, iii. 47 
MoroxyUtte of lead, iii. 107 

lime, iii. 107 
Moroxiflic acid, iii. 107 
Morphia, iii. G9, 346 

— carbonate, iii. 70 

— nitrate, iii. 70 

— preparation, iii. 69 

— properties, iii. 70 

— sources, iii. 60 

— sulphate, iii. 60 
is poisonous, iii. G9 

Morriekiid on the magnetizing power of 
the prismatic spectrum, i. 302 

Mortar, ii. 3^ 

Morveau on acetate of bismuth, iii. 169 
on nomenclature, i. 183 

Mo$iacgoUi, ii. 144 

Mother-of'peaH JteU», iii. 213 

Motion of tight, i. 286 

applied to explain the phaBnmnena 
of heat, i. 297 

Motors of electricily, i. SGH 



iMountain azure, ii. 160 
barometer, i. 371 
cork, ii. 318 
greeD,ii. 159 
limestone, iii. 281 

its position, iii. 281 

curved, iii. 285 

caverns of, iii. 286 

aspect of, iii. 285,286 

wood,ii. 318 

3/oiotfaiju,primitive, heights of several, 
iii. 268, 276 
measured by the barometer, i. 370 

Mucilage, iii. 19 

Mucic, or mucous acid, iii. 19, 181 

Mucus, iii. 189 

Mulberry caicuii, iii. 201 

MuUeron tellurium, ii. 4 

MultyfUer, electrical, i. 2C6 

Muriacite, ii. 67 

Muriate of amnunda, i. 47, 366, 466 

and platinum, ii. 298 

— mercurj-, ii. 261 

— baryta, ii.82 

used as a test, i. 143 

— — — oxygenized (chlorate) ii. 82 

— bismuth, ii. 185 

— cerium, ii. 196 

— cinchonine, iii. 113 

— cobalt, ii. 189 

— copper, ii. 151 

— gold, u. 284 

and potassa, ii. 286 

— iron, ii. 116 

— lead, ii. 166,526 

— lime, ii. 62 

in mineral waters, ii. 499 

used as a test, i. 144 

oxygenized, ii. 63 

— lithia, ii. 58 

— magnesia, ii. 96, 497 

— manganese, ii. 106 

— mercury, ii. 247 
used asa teft, i. IM 



MUR 



NAT 



Muriate of nickel^ ii. 23S 
of platiiium, ii. 298 
and ammonia, ii. SOS 

— potassa, ii. 32 

and gold, ii. 285 

oxygenized, ii. ftS 

— silver, ii. 270 

— soda, ii. 48, 361 ; iii. 194, 290 
oxygeniased, ii. 50 

— strontia, ii. 90 

— strychnia, iii. 73 

— tellurium, ii. 300 

— tiA, U. 143 

— titanium, ii. 197 
•^ ^o, ii. 134 

Mmiatesy tests of, i. 144 ; ii. 490 
MwrioHc acid, i. 341, 465 

prepared by Basil Valentine, i. 80 

01aaber,i. 47,49 

history of, i. 61 

its aources, i. 342 

procured, i. 49, 942 ; ii. 49 

its properties, i. 343 

dephlogisticated, L 318 

oxygenized, i. 167, 318 

its solution, i. 343 

specific gravity of, i. 344 

strength, i. 344 

ascertained, ii. 367 

tests, i. 144 
Muriatic acid gas discovered by Priest- 
ley, i. 136, 342, ii. 51 

action of potassium on, i. 342 

its absorption by charcoal, i. 419 

— analysis, i. 342 

— attraction for water, i. 342 

— composition, i. 220, 348 

— decomposition, i. 342 

— elements, i. 342 

— preparation, i. 342 

— properties, i. 136, 342 

— refraction, i. 288 

— solution, i. 342 
ethM, iU. 150 



etkiti ita propettiet, iii US 

its componti^B, iii. U0 

refimotioD of, L 988 

Murio-mdphate^matmTfOMaigudfVLiSB 

MurrojfoncoiidtuimgpmDer^JhadtflW 
analysis of sea-water, ii. 96 

Mwackaibroeek ea ceU, i. 94 

MuBckf substance of, iii. 907 
component parta of, iii. 907 
converted into leucioe, iiL 907 

MuAetcncarhwreUiqfkmtfU^UO 

Mtuqpvado mg^ff iii. 91 

Mushrooms^ iii. 196 

peculiar substance from, iiL 196 

Muncal toumdi prodtuti b^Jkamtf i. 330 

Mvatard, iii. 121 

Myrica cerifera^ wax from the, iii. 63 

Mjftidny iii. 54 

MyrtU wax, iii. 54 



NAILS, iii. 207 

Naphtha, iii. 75 
native, iii. 75 

Narcotic principUSf iii. 09 

Native antimonyj ii. 179 
arsenic, ii. 203 
copper, ii. 149 
gold, ii. 283 
green vitriol, ii. 120 
iridium, ii. 263 
iron, ii. 110,938 
magnesia, ii. 95 
mercury, ii. 249 
metals, ii. 4 
nickel, ii. 232 
osmium, ii. 263 
palladium, ii. 266 
platinum, ii. 292 
Prussian blue, ii. 191 
sal ammoniac, i. 367 
silver, u. 966 
sulphur, i. 387 
sulphuric acid, i. 



NAT 



NIT 



Naike ieUKrham mulfsid ii. 4S5 

white anenic, ii. 806 
NatrMe^ analjiis of, ii. S16 
Nminm (native carbonate of soda) ii. 55 
NdMrtd eUetrical phemmenay i. 279 
Needle oretfSiberm mrnkfied^ ii. 481 
Negaiite tUctrieity, i. 250, 861 

state of supporters of combastion, 
i.274 
Nepknhe stone, ii. S16 
Nerves, pulp of, iii. 812 
NatlralaaUs,i.2S2 
NemtraiaiaUm,i.22i 
New red etmd-aUme, iii. 288 
Newwuai^i wiereMrial iremgh, i. 880 

blowpipe, i. SSO 
Newim, i. 75 

on chemical affinity, i. 75 

— graduation of thermometers, i . 89 

— radiation, i. 286, 207 
NiekeULM Flammd, i. IS 
NiMimm*$ deetrieal dsuMcr, i. 806 
Nkkel, u. 3, 2S2, 535 

its acetate, iii. 169 

— aUoy with iron, ii. 841 

— occurs in meteoric stones, 

ii.8S6 
gold, ii. 889 

— alloys, ii. 836 

— ammonio-nitrate, ii. 834 
sulphate, ii. 834, 536 

— ammonioret, ii. 833 

— arseniate, ii. 836 

— benzoate, iii. 106 

— borate, ii. 835, 537 

— carbonate, ii. 835, 636 

— chloride, ii. 833, 536 
» citrate, iii. 96, 349 
•— ferrocyanate, ii. 8K 

— hydrate, ii. 838, 535 
^ hydrosolphuret, ii. 835 

— iodide, ii. 833, 536 

— molybdate, ii. 880 

— muriate, ii. 833 



Nided, its nitrate, ii. 233, 536 
its oxalate, iii. 92, 348 

— oxides, ii. 232, 347, 535 

— ores analyzed, ii. 455 

— peroxide, ii. 833 

^ phosphate, ii 235, 536 

— pho^buret, ii. 235, 536 

— preparation, ii. 238 

— properties, ii. 832 

— protoxide, ii. 232 

— sources, ii. 232 

» sulphate, ii. 232, 234, 536 

analyzed, ii. 457 

witii potassa, ii. 234, 536 

iron, ii. 835, 536 

— sulphuret, iL 234, 536 

— tartrate, iii. 86, 347 

— tests, u. 236, 347, 535 

and cobalt separated, ii. 425, 457 
iVico^ iii. 40 
Nighiekade, iii. 116 
Nigrme, ii. 196 
NikU allmm, ii. 134 
NUraU<ffammoma,i. 367, 466 

decomposition of by heat, 

i.36B 

— antimony, ii. 177 

— baryta, u. 83, 513 

— bismoUi, ii. 185, 528 

— cadmium, ii. 463, 523 

— cerium, ii. 198 

— cinchonlne, iii. 113 

— cobalt, ii. 199 

— copper, ii. 153, 524 

— gold, u. 285, 548 

— iron, ii. 117, 519 

— lead, ii. 166, 626 
used as a test, i. 150 

— lime, ii. 64, 511 

— lithia, ii. 58, 510 

— magnesia, ii. 97, 516 
and ammonia, ii. 97 

— manganese, ii. 107, 517 

— mercury, ii. 868, 638 



NIT 



NIT 



?iiirateof mircury^ used as a test, i. 144 
of morphia, iii. 70 

— nickel, ii. 238, 536 
and ammonia, ii. 234 

— potassa, ii. 36, 351, 506 

sources of, ii. 30 

composition of, ii. 37, 506 

used in gunpow<ier, ii. 38 

— silver, ii. 273, 540 

use of, as a test, i. 144, 150 

— soda, ii. 60, 50S 

— strontia, ii. 91 ,511 

— strychnia, iii. 73 

— tin, U. 144,622 

— titanium, ii. 197 

— uranium, ii. 194 
•— urea, iii. 195 

— zinc, ii. 136, 520 
NHndesy metallic, ii. 16 

in mineral waters, ii. .'>01 
iVt^v, ii. 36 
crude, ii. 36 
purified, ii. 37, 352 
fused, ii. 37 
cubical, ii. 50 
its sources, ii. 36 

— decomposition, ii. 37 

— composition, ii. 37 

— uses, ii. 38 

sweet spirit of, iii. 156 
oxygen obtained from, ii. 37 

by Priestley, i. 130 

proportion of, in gunpowder, ii. 38 
beds, ii. 36 
Ntfric acid, i. 177, 352, 465 

prepared by Basil Valentine, i. 30, 

31,32 
tests for its purity, i. 354 
table of strength of, i. 356 
latent heat in its vapour, i. 245 
a test for sulphur, i. 142 
diagram of its production, ii. 41 
its action on metals, ii. 16 

— analysis, i. 356 



NUric acid, its composition,i.SS,355,f&i 
its decomposition, 1. S3, 356 

— elements, i. 355 

—* expansion by heat, i. S2S 
^- history, i. 31 

— nature discoTered by Cavendish, 

i. 33, 156,352,357 

— preparation, i. 31,352 ; ii. 41 

— properties, i. 355 
~ purification, i. 354 

— solutions, i. 356 
strength of, i. 356 

— specific gravity, i. 355 

— synthesis, i. 357 
NUric ether, iiL 165 

obtained, iii. 156 
properties of, iii. 156 
its composition, iii. 157 
Citric made, i. 177, 349, 465 
Priestley on, i. 131 
its action on oxygen, i. 351 

— analysis,!. 850 

— application to eudiometry,i.i3l, 

383 

— composition, i. 350 

— decomposition, i. 350 

— elements, i. 350 

— eudiometrical use,i. S82 

— formation,!. 349 

— preparation, i. 349 

— properties, i. 349 
Nitrite of lead, ii. 1C7 

of potassa, ii. 37 

— silver, ii. 275 
Nitrogen, i. 346,465 ; iii. 173 

discovered by Rutherford,!. 138,346 

described by Mayow, i. 70 

its absorption by charcoal, i. 419 

— carburet, i.446, 469 

— chloride, i. 357,f465 

— compounds with carbon, i. 446 

chlorine, i. 357 

iodine, i. 360 

hydrogen, i. 361, 466 



NIT 



OIL 



NUrogm, iU compounds with oxygen, i. 
S47, 465 
iU deotoxide, i. S49, 465 

— existence in mineral waters, ii. 

489 
animal substances, iii. 172 

— gaseous oxide, i. S47 

— iodide, i.8(]0, 466 

— preparation,!. S46 

— properties, i. 146 

— proportion in the air, i. 384 

— protoxide, i. 347 

— refractive power, i. 888 

— specific gravity, i. 346 

— weight, i. S46 
Nitro-leMcie arid, iii. 207 
Nkro-mmriaie ofgMj ii. 284 

of platinum, ii. 293 
NUro-mMriatic acid, i. 357 

saccharine acid, iii. 205 

sulphuric acid, ii. 278 
NUro-phogpkaie of Uad, ii. 170 
NHro-tungatate i^patanaj ii. 227 
Mirmuacid, i. 177, 351, 465 

gas procured, i. 351 

its composition, i. 351, 465 

— elements, i. 351, 465 

— properties, i. 351 

— solution, i. 352 

— synthesis, i. 351 

— weight, i. 351 

NUrvut air. Cavendish on, i. 157 
etherized gas, iii. 155 
gas, i. 349 
its composition, i. 350 

— eudiometrical use, i. 382 
oxide, i. 177, 347,465 

discovered by Priestley, i. 131 

obtained, i. 347 

rationale of its production, i. 



absorbed by charcoal, i. 419 

its (»roperties, i. 317 

— — analysis, i. 349 

VOU 111. « 



A'^nms oxide, its composition, i. 349 

decomposition, i. 348 

effects on respiration, i. 347 

turpeth, ii. 253 

NUrumJixum, ii.37 
flammans, i.360 

Noble serpentine^ iii. 261 

Ncmenclahire, French, i. 183 
of acids, i.310 

— chemistry, i. 173, 176, 183, 309 

— chlorides, i. 309 

— combustible compounds, 1311 

— oxides, i. 309 
Non-^imdMeton, i. 254 

electrics, i. 254 
Nooth'g apparatus, i. 427 
Noriom, Tkomas, i. 24 
Nucleus, effect of, on crystallization, i. 

195 
Numbers, equivalent, of elementary bo- 
dies and their compounds, i. 464 ; 
ii.505 

Nutritice prmeiples cf vegetables, iii. 36 
ta'ble of, iii. 127 



OATS, their composition, iii. 37 

Oberkampf on sulphuret of gold, ii. 287 

(M^eds of dtemislry, i. 191 

Obsidiam, u. 306 

Occidenial topaz, ii. 313 

Octoedrite, u. 195 

Oersted on electric magnetism, i. 273 

Oa, iu. 55 

Dippers animal, iii. 173 

gas, i. 441 

of almonds, iii. 119 

— amber, iii. 67 

— bricks, iii. 66 

— lime, ii. 68 

— linseed, expansion of by heat. i. 

225 

— olives, iii. 55 

— tartar per deUquioniy ii. 41 

H 



OIL 



OXA 



Oil, of tarpentine, Hi. 64 

pxpansion of, i. 225 

latent heat in vapoar of, i. 

245 

— vitriol, i. 389 

glacial,!. 85,896 

its history, i. 3S 

— wine, iii. I5S 
Oils, animal, iii. 208 

dr\ing, iii. 56 
fixed, iii. 55,208 

how obtained, iii. 55 

their sources, iii. 55 

Tarieties, iii. 56 

properties, iii. 55 

corobostion, iii..209 

disUUation, iii. 66, 206 

composition, iii. 58 

conversion into wax, iii. 

209 

densities, iii. 65 

Miction of acids on, iii. 200 

form soaps with alcalis,!!!. 67, 

209 

plasters with oxide of 

lead, iii. 58 
philosophers', iii. 5G 
vegetable, iii. 55 
volatile or essential, iii. 58 

their sources, iii. 59 

preparation, iii. 58 

properties, iii. f>0 

Tarieties, iii. 69 

— adulterations detected, 

iii. 60 
OinimentSy iii. 54 
Old red sandsUme, iii. 288 
defiant gas, procured, i. 435 

forms a fluid with chlorine, i. 437 

its properties, i. 435 

— analysis, i. 430 

— absorption by charcoal, i. 419 
~ composition, i. 436, 169 

Oleic avid, iii. 210 



OUnm <rl^rtrm, iii. Id3 

0<t6aiiiiiii, iii. 66 

Oliva on the sobpeniiUrate of mercury, 

ii. 253 
OOce ot/, refractioB of, i. 288 

its adulteration detected » iiL 66 
OUvm, ii. 381 
Oitton, iii. 124 
Omfx, ii. 307 
Oolite, u. 72 ; iii. 295 
Opwitp, what, i. 287 

of the metals, ii. 5 
Opal, varieties of, ii. 7»07 

common, ii. 307 

noble, ii. 307 
Opimm^ iii. 69 

morphia from, iii. 69 

meconic acid from, iii. 70 
Ore$y metallic, ii. 4 

general analysis of, i. 148 ; ii. 381 
Orgamc remains, iii. 278, 295, 997, 311 
Orienial topaz, ii. 312 
Origin, of coal, iii. 293 
Orpiment, ii. 214 

used as a dye, ii. 214 
Osmazome, iii. 207 
Osmium, ii. 4, 262 

its ores, ii. 262 

— preparation, ii. 262 

— properties, ii. 262 

— oxides, ii. 2G2 

— tests, ii. 262 

Oxalate of ammonia, iii. 88, M8 
of antimony, iii. 348 

— alumina, iii. 92 

— - baryta, iii. 89, 348 

— bismuth, iii. 92, 348 

— cobalt, iii. 92,848 

— copper, iii. 90, 348 

and soda, iii. 91, 348 

ammonia, iii. 90, %18 

potassa, iii. 91, 848 

— iron, iii. 90, 848 

— lead, iii. f'*, 91, 348 



OXA 



OXI 



Qacoiafo of lime, ui. 80,20l,S48 
of magnesia, iii. 89, 348 

— manganese, iii. 348 
and potassa, iii. 90 

— mercury, iii. 93, 348 

— nickel, ui. 93, 348 

— potassa, iii. 88, 348 

— sUver, iii. 92, 348 

— soda, iii. 89, 348 

— strontia, iii. 89, 348 

— tin, iu. 90, 348 

— Einc, iii. 90, 348 
Oxaiaieg, ui. 88, 348 
OxaHe acid, iii. 8C, 348 

how obtained, iii. 87 
its properties, iii. 87 

— composition, iiL 17, 88 
native, iii. 86 

used as a test, i. 143 

poisonous, iii. 92 
Ox-hiU, ui. 186 
Oxidabmy i^ aUoifS, ii. 25 
ObridolioR, ii. 11 
€}xide, cystic, ii. 202 

carbonic, i. 420, 469 

nitric, i. 349, 465 

nitrous, i. 347, 465 

xanthic, iii. 202 

of antimony, ii. 173, 527 

bydrosulphuretted, ii. 

— arsenic, ii. 203, 531 

— barium, ii. 77, 512 

— bismuth, ii. 184, 528 
analyzed, ii. 423 

— cadmium, ii. 402 
~ carbon, i. 420, 469 

— cerium, ii. 198, 530 

— chlorine, i. 320, 341, 461 

— chromium, ii. 221, 534 

— cobalt, ii. 188, 529 

— columbium, ii. 230, 535 

— copper, ii. 149, 404, 523 
~ gold, ii. 284,542 

— hydrogen, i. 339 



QrtVif of iron,ii.lll,5l8 
— • native, ii. Ill 

— lead, i. 221 ; ii. 164, 526 
bydrosulphuretted, ii. 19 

— magnesium, ii. 93, 515 

— manganese, ii. 104, 382, 517 

— mercury, ii. 242, 537 

— molybdenum, ii. 218, 533 

— nickel, ii. 232, 535 

— nitrogen, i. 317, 465 

— osmium, ii. 262 

— phosphorus, i. 403, 467 

— platinum, ii. 299 

— potassium, ii. 30, 505 

— selenium, iL 202 

— siliciam, ii. 207 

— silver, u. 268, 540 

— sodium, ii. 47, 507 

— strontium, ii. 89, 514 

— tellarium, ii. 199, 530 

— tin, ii. 140,521 
analyzed, ii. 396 

— titanium, ii. 196 

— tungsten, ii. 225, 535 

— aranium, ii. 193, 530 

— yttrium, ii. 330 

— zinc, ii. 131, 520 
analyzed, ii. 390 

— zirconium, ii. 326 
179 Oxides, u. 12 

their nature, ii. 12 

production, ii. 12 

metallic, ii. 12 

definite, i. 221 ; ii. 13 

. natiTe, ii. 4 

hydrosnlphurettpd, ii. 19, 145, 179 

sulphuretted, ii. 17 
many soluble in wf*ter, ii. 13 
action of the blowpipe on, ii. 839 
increase of weight in, explained by 

Rey, i. 60 
terminology of, ii. 18 
Omdhemeni, ii. 12 
Oxidnk (or protoxide), •' 
9Hd 



OXI 



PAR 



Oxiodic add, i. 824, 341, 464 
OxiodhUyUZUyAfii 
Oxiodate <^ bariitm, ii. 82, 51S 

calciam, ii. 511 

potassiam, ii. 35, 506 

sodium, ii. 50, 508 
Oxychlorate <ff pdassa, ii. 36, 506 

soda, ii. 606 

mercury, 11. 251 
Oxyehlorates, ii. 14 
Oxyehhric acid, i. 322, 464 
Oxygen, i. 130, 176, 309, 311, 464 

its supposed necessity to combus- 
tion, i. 67, 317 

laws respecting its union with bo- 
dies, ii. 13 

its action on metals, iL 11 

^- compound with boron, i. 463 

carbon, i. 420 

chlorine, i. 320 

hydrogen, i. 330 

iodine, i. 324 

nitrogen, i. 347 - 

metals, ii. 11 

phosphorus, i. 403 

sulphur, i. 387 

• water, i. 339 

Oxypenf^as discovered by Priestley, i. 
129 

Srheele, i. 163 



Lavoisier on, i. 175, 317 
supports combustion, i. 316 

animal life, i. 316 ; iii. 225 

forms water with hydrogen, i. 330 
its absorption by charcoal,!. 419 
barning bodies, i. 317 

— disappearance during combus- 

tion, i. 317 

— existence in mineral waters, ii. 

489,492 

— preparation, i. 129, 31 1 

— properties, i. 130, 316 

— proportion in the atmosphere, i. 

381 



Oxffgen ga$^ its parity tested, i. 361 

— refractive power, i. 988 

— sources, i. 311 

— weight, i. 316, 464 
OxpgemUed water, i.n9iU.7S 

prepared, ii. 79 

its properties, ii. 81 
Oxyhydrogen blowpipe f i. 330 
Oxyiodime, i. 324, 464 
Oxymmriate of lad im o ny , ii. 177 

ofiron,ii. 118,619 

— lime, ii. 68 

— mercury, ii. 248 

— potassa, ii. 38 

— soda, ii. 60 

— tin, u. 143,622 
OxyamriateSf i. 322 
Oxymuriatic acid, i. 167, 318 
OxymtraU of trvm, ii. 118, 619 

mercury, ii. 262, 588 
Oxyphosphate if iron, ii. 121, 520 
OxymdphaU of irom, ii. 120, 619 . 

mercury, ii. 267, 638 
Oxywater, ii. 78 
OyoanUe, ii. 195 



PAIMT, brown, Hatchett's, ii. 100 

green, Scheele's, ii. 206 
PaUadivm, ii. 4, 265 

native, ii. 266 

obtained, ii. 265 

properties of, ii. 265 

its preparations, ii. 266 

— tests, ii. 266 
Panacea Holsatica, ii. 41 
Panchymngogum mmerale, ii. 245 
Pancreatic juice, iii. 180 
ParacdsuB, i. 39,97 

on zinc, ii. 3 
Parenckyma of ploMU, iii. 3 
Paris plaster, ii. 66 

Pharmacopasia, i. 64 
Paris, Z>r.,on the8meUorarieBic,u.tl 



PAR 



PER 



if, Dr,y on elaterinm, iii. 18S 
Pmrker on purification of coal gas, i. 430 
Pmrka on citric acid, iii. 98 

on sulphuric acid, i. 391 

— manufacture of tin-plate, iL 197 
Pmnmpy composition of, ilL 37 

P^rU ofpUmUy iii. 108 

PcsM2,on the air's pressure, i.370 

P&Utd yeOow, ii. 166 

Pemch bloimnm cobdU sre, ii. 810 

Pearl-aMky ii. 43 

its sources, ii. 44 

— preparation, ii. 44 

the quantity of potassa in ascer- 
tained, ii.44,364 
Pemrl wkiU, ii. 186 
PMflt, iii. 214 
PemHg feldspv, ui. 263 
Peamm on laccic acid, iii. 66 

potato, iii. 124 
Pea$€f composition of, iii. 17 
Peaiy iii. 77 
PeekbUmde, ii. 193, 428 

analysis of, ii. 428 
PdUtUr on aurate of potassa, ii. 286 

— brucine, iii. 73 

— cinchona, iii. 112 

— emetin,iii. 42 

— iodide of gold, ii.284 

— ipecacuanha, iii. 109 

— muriate of lime and carbonic acid, 

ii. 63 

— yerditer, ii. 159 

— > sulphate of morphia, iii. 70 

— strychnine, iii. 72 
PtUuieimery^aUizatumii. 193 
Pemdmbmy secwids, length of, i. 468 
Pepper^ iii. 121 

Peppt on the combustion of the diamond, 
i.426 

— composition of teeth, iii. 216 

— respiration, iii. 223 

— a soda-water pump, i. 427 

— eudiometry,!. 382 



Pepfft on a gas holder, i. 314 
Peraeetate of tron, iii. 166 
of mercury, iii. 170 

— tin, iii. 166 
Peranemate of irm^ ii. 632 

of mercury, iL 639 
Percarbomde of mereurff, ii. 268 
PercUoraie of meraarff il. 251 

of potassa, ii. 35,606 

— soda, ii. 608 
Perekhrie aeidy i. 322, Ul, 464 
Perehkride of carbon, i. 433, 469 

of copper, ii. 161, 624 

— iron, u. 116,618 

— mercury, ii. 247, 637 

— phosphorus, i. 408, 468 
and ammonia, L 409 

— tin, ii. 142, 622 
Percusnon ettim Ugkiy i. 306 
Perfumed esaemces, iii. 60 
PerkyposulphHe of copper, ii. 634 
Periodide of mercury, ii. 262 

phosphorus, i. 410 
Perkins, on the compressibility of water, 

i. 338 
Perlate acid (acidulous phosphate of 

soda), ii. 153 
Permanent white, ii. 86 
Pernmricte qf copper, ii. 161, 624 
of iron, u. 116,619 

— tin, ii. 143, 622 
Pemitrate (^hron, ii. 118, 619 

mercury, ii. 262, 638 

and ammonia, H. 263 

PemitrouM acid, i. 360 
Peroxalate of copper, iii. 90 

iron, iii 90 
PerooAU of antiuumif, ii. 174, 627 

of arsenic, ii. 206, 631 

— barium, ii. 78, 79 

— calcium, ii. 62 

— cerium, ii. 196, 630 

— chromium, ii. 221, 634 

— cobalt, ii. 188, 529 



PER 



PHO 



Peroadde of copper, ii. 149, 524 

hydraUtd, ii. 153 

~ gold, ii. 542 

— hydrogen, i. 339 ; ii. 78 
»iroD,ii. 112,518 

— lead, ii. 164,526 

— manganese, ii. 105, 517 

— mercury, ii. 243, 254, 537 

— molybdenam, ii. 218, 533 

— nickel, ii. 233 

— potaisium, ii. 31, 505 

— silver, ii. 268 

— > sodium, ii. 47, 507 

— tin,ii. 140,522 

— tungsten, ii. 225 

— uranium, ii. 530 
Perphoiphate qf irm, ii. 121, 520 

mercury, ii. 258, 539 
Pertj^ratianj iii. 224 
Perwceinate qfiron, iii. 68 
PemUphaJU of copper , ii. 525 

iron, ii. 120, 519 

mercury, ii. 267, 538 
PemdphUe ^f copper^ ii. 525 
Permlphuret qf iron, ii. 118, 519 
Peruvian bark, iii. 112 
Petchier on krameric acid, iii. 108 
Petatite, ii. 57, 3G8 
Petit on specific hrat,i. 233 

radiant heat, i. 2*29 
Petnfying wtll,\\. 71 ; iii. 311 
Petroleum, iii. 75 

latent iieat in ils \apiiur, i. 245 
Petu$ue, Ui. 252 
Pewter,ii.ni, 182 
Pfqjf on chemical aflinity, i. 81 
PharmacoUte, ii. 447 
Phamutcopaia, ctiemico-medical, of 
Schroeder, i. 41 

Paris, i. 54 
Phanomena, luminous, explained, i. 303 

of vegetation, iii. 2 

of fermentation, iii. 128 
Phial, electrical, i. 259 



Pibta2,Leyden,i.2^i9 

PkUHpi OD alum, ii. 310 

on carbonate of ammonia, i. 432 
copper, ii. 158, 410 

— chalybeate waters, ii. 490 

— chemical affinity, i. 217 

— emetic tartar, iii. 84 

— feiro-aisenical solphoret of cop- 

per, ii. 406 

— separation of nickel and oobtlt, 

ii. 425, 457 
lime and magnesia, ii. 103 

— sesqui-carbouate of soda, ii. 55 

— sulpbuhc ether, iii. 148 

— sulphoret of copper, ii. 155 

— tartrate of potassa, ilL 80 

•— tartrate of iron and potassa, iii. 
83 

antimony and potassa, iii. 

84 

— vinegar, iii. 161 
Philotophen^ oil, iii. 56 

wool, ii. 134 
Phiogittic theory of combnstioD, i. 61 
PM^isticatedair, i. 138 
PMogvtton, i. 66, 317 
PhoMgene gas, i. 421 

Phosphaie of ammmda, i. 407, 46S; iii. 
191 

and magnesia, ii. 100 ; iii. m 

of antimony, ii. 180, 528 

— arsenic, ii. 215 

— baryta, ii. 87, 513 

— cadmium, ii. 523 

— cobalt, ii. 191,529 

— copper, ii. 158,525 
analyzed, ii. 409 

— iron, ii. 120, 519 
analyzed, ii. 3W 

— lead, ii. 169, 527 
analyzed, ii. 413 

~ Ume, ii. 69, 872, 612 ; iii. 200 

native, ii. 70 

in urine, iii. 19S 



PIIO 



PEIO 



Phofpkuieof lioie, phoffphorescent, i. 30f 

— lithia, ii.69,510 

— magnesia, ii. 99, 516 ; iii. 194 
and ainrooDia, ii. 100, 616; 

iii. 191 
•~ manganese, ii. 109, 518 

— mercury, ii. 258, 539 

— nickel, ii. 235, 536 
«^ platinum, ii. 544 

— potassa, ii. 42, 606 

— silver, ii. 278-, 641 

— soda, ii 52, 509 ; ui. 194 
and ammonia, ii. 63, 509 ; 

iii. 194 
used as a flux, ii. 337 

— strontia, ii. 93, 515 

— tin, ii. 145 

— zinc, ii. 137, 521 
Phaaphates, metallic, fonoed, ii. 21 
Pkospkatie aeid, i. 407 
Phosphite of ammonia^ i. 407, 468 

of baryta, ii. 87, 513 

— lead, ii. 169,627 

— lime, ii. 69 

— magnesia, ii. 99 

— mcmganese, ii. 109 

— potaasa, ii. 42, 606 

— soda, ii. 62, 609 

— strontia, ii. 98 

— tin, ii. 146 

Pkatphorane (protochloride of photplio- 

rus), i. 409 
PkMphoresceHcey i. 303 
PJboipAm, i. 304 

solar, i. 304 
Pkotpkoric acidy i. 404, 468 

obtained, i. 405 

glacial, 1.406 

its properties, i. 406 

— composition, i. 406 
exists in urine, iii. 192 

Pko^koric botUes, i. 403 
glass, i. 406 
matches, i. 403 



Pkosphmite yi'x. 70 
Phoiphiormu acid, obtained, i. 404 
its properties, i. 404 

— composition, i. 406, 410, 468 

— decomposition, i. 413 
Pkofphorua, i. 401 , 467 

described by Kunckel, i. 45, 46 
Baldwin's, i. 804 ; ii. 64 
Bolognian,i.301; ii.86 
Canton's, i. 304 
Romberg's, ii. 68 
Wilson's, i. 301 
contains hydrogen, i. 414 
its acids, i. 4d4, 4ffT 

— bichloride, i. 408, 468 
composition of, i. 409 

— carburet, i. 452 

— chlorides, i. 409, 468 

— combination with metals, if. ft 

— combustion, i. 408, 405 

— cyanuret, i. 461 

— eudiometrical applicatioii, i. 888 

— glass, i. 406 
•— hydruret, i. 410 
^ iodide, i. 410 

— oxides, i. 403,467 

— periodide, i. 410 

— preparation, i. 401, 406 

— properties, i. 408 

— solution in ether, iii. 160 

— sources, i. 401, 406 

— sulphuret, i. 414, 468 
Pkuphurd <tf mttMOiiy, iL 180, 628 

of arsenic, ii. 216 

— barium, ii. 87, 618 

— bismuth, iL 186 
^ calcium, U. 69, 611 

— carbon, i. 462 

— cobalt, ii. 191, 629 

— copper, ii. 168, 626 

— gold, u. 287, 643 
J— hydrogen, i. 410, 468 
^ iron, u. 120, 610 

— lead, ii. 169, 627 



POT 



POT 



PeUusa, its hyposalphite, ii. 40, (MM 

— iodate, ii. 35, 606 

— margarate, iii. 210 

— meconiate, iii. 71 

— molybdate, ii. 219, 684 

— muriate, ii. 32 
with gold, ii. 285 

— nature, ii. 30 

» nitrate, ii. 36, 506 

— nitrite, ii. 37 

— oxalate, iii. 88, 348 
with copper, iii. 91, 348 

— oxychlorate, ii. 35, 506 

— oxymnriate, ii. 33 
<— perchlorate, ii. 35 

^ phosphate, ii. 42, 506 

— phosphite, ii. 42, 506 

— preparation, ii. 31 

— properties, ii. 32 

— prussiate, ii. 124 

— used as a teat, i. 142 

— quadroxalate, iii. 88 

— salts, ii. 46 
«- solution, ii. 30 

— in alcohol, iii. 145 

— sources, ii. 44 

— subcarbonate, i. 221 ; ii. 43 
•» subphosphate, ii. 42, 506 

— succinate, iii. 67, 315 
— < sulphate, ii. 40, 506 

^ with alumina, ii. 309 

magnesia, ii. 99 

nickel, ii. 234 

— sulphite, ii. 40, 506 

— sulphuret, ii. 39 

— superoxalate, iii. 89 

— superphosphate, ii. 42 

— supersulphate, ii. 40 

— supertartrate, iii. 80, 346 

— synthesis, ii. 30 

— tartrate, iii. 79, 346 

— with tammonia, iii. 81, 346 

» — antimony, iii. 84, 347 

— — • copper, iii. 83 



Poiaua^ its tartrate with iron, iiL 83,: 

— with lime, iii. 82, 347 

lMd,iii.84,U7 

-* ' soda, iu. 8I9 346 

_ tin^ ill. gg^ J47 

— tellurate, ii. 801 

— tests, ii. 46, 361, 605 

— triple prussiate, ii. 181 

— tungstate, ii. 227 
PUoMBCt aeeioif iii. 164 

carbonas, ii. 45 
subcarbonas, ii.43 
sulphas, ii. 40 
sulphuretum, ii. 39 
supersulphas, IL 40 
tartras, iii. 80 
Potatmum, ii. 4, 28, 605 

its action on ammonia, iL 261 

— carbonic acid, L 410 

carbonic oxide, i. 421 

— — chlorine, ii. 38 

hydrogen, ii. 36 

iodine, il. S6 

muriatic acid, i. 312; i 

32 

oxygen, ii. 30 

• water, ii. 30 

— amalgam, ii. 2G0 

— chloride, ii. 38, 606 

— compounds analysed, ii. 351 
table of, u. 606 

— cyanuret, ii. 46 

— hydruret, ii. 86, 606 

— iodide, ii. 36,- 605 

— oxides, ii. 30, 606 

— peroxide, ii. 31, 505 

— phosphuret, ii. 42, 606 

— preparation, ii. 28 

— properties, ii. 80 

— protoxide (potaasa), u. SO, 
-— salts, ii. 506 

— sulphuret, ii. 39, 506 
Poiassiuretted hydrogen ^as^ u, 36 

I Potato, Ui. IW 



POT 



PRO 



PciatOy quantity of starch in, iU. S7 

starch, iii. 34 
Poieniial cautery (caustic potassa), ii. 31 
Potmeial^ ii. 171 
Patterns elayy ii. 320 
Pottery, U. 320 
Pauges tcaters, ii. 602 
Powder, ii. 38 

James's, ii. 180 

antimonial, ii. 180 

of Algarotti, iL 177 
Powdered tin, ii. 140 
Powere of matter, i. 191 
Frue, ii.307 
Precipitate, red, ii. 213 

per se, ii. 243 
IStdpUated ndpkiBr, i. 887 
Preeipitate8,co\oux8 of, ii. 20, 126^ id. 101 
PrekmU, U.Z15 
Presnare of the air qfects boUitig potrnte, 

i.^1 
Price, Dr., i. 25 
/Vieif2^,i. 101,127 

nitric acid decomposed by, i. 33 

his discovery of muriatic acid gas, 
i. 51, 135 

— ammoniacal gas, i. 116 

sulphurous acid gas, i. 136 

— pneumatic trough, i. 128 

— mercurio-pneumatic trough, i. 

128 
on air, i. 128 
--> dephlogisticated air, i. 129 

— endiometry, i. 131, 137, 383 

— fixed air, i. 129, 141 

— nitrous air or oxide, i. 131 

— oxygen gas, i. 129 

— purification of air, i. 132 

— the atmosphere, i. 137 

— vegetation, i. 132 
PrimUice rocks, iii. 212, 248, 251, 287 

their characters, iii. 267 

marble, ii. 71 ; iii. 265 
mountains, height of, iii 268, 876 

2 



Primxtice fomta of crystab, i. 206 
Prince Rupert's drops, ii. 302 

metal, ii. 161 
Printer^ ink, iii. 67 

type-metal, ii. 182 
Printing on calico, iii. 52 
Prismatic rays, i. 292 

spectrum, i. 292 
Products of vegetable analym, iii. 11 

fermentation, iii. 128 
Proof spirit, iii. 144 
Properties of matter^ i. 191 

change of by chemical action, i. 215 
Proportions, definite, i. 220, 340 
Protacetate of mercury, iii. 170 

of iron, iii. 165 

— tin, iii. 166 
Protarseniate qfiron, ii. 532 

of mercury, ii. 539 
Protiodide of mercury, ii. 252 

of phosphor OS, i. 410 
Protocarbonate of mercury, ii. 258 
Protochhrate of mercury, iL 251 
Protochloride of carbon, i. 434, 469 

of copper, ii. 150, 521 

— iron, ii. 115,518 

— mercury, ii. 214, 537 

— tin, ii. 141,522 
Protomwriate </ copper, ii. 150 

of iron, ii. 116, 518 

— tin,ii. 142,622 
Protomtrate of iron, ii. 118, 519 

of mercury, ii. 252,638 
Protophosphate of iron, ii. 121, 6MI 

of mercury, ii. 258, 539 
Protosuccinate of troii, iii. 68 
Protoeulphate of copper, ii. 156 

of iron, ii. 119, 519 

— mercury, ii. 256, 538 - 
Protosulphuret cfiron, ii. 118, 519 

of mercury, ii. 251, 538 

— copper, ii. 154, 524 

— tin, ii. 144,522 
Protoxahte of iron, iii. 90 

12 



PRO 



QUA 



Pntaxide of antimtmy^ ii. ITS, 627 
of arsenic, ii.203, 631 

— cerium, il. 198, 630 
-^ chrome, ii. 221, 634 

— cobalt, U. 188, 629 

— copper, ii. 149, 623 

— iron, ii. 111,618 

— lead, ii. 164, 626 

— manganese, ii. 105, 617 

— mercury, ii. 243, 637 

— - molybdenum, ii. 218, 633 

— nickel, U. 232 

— nitrogen, i. 847 

— potassium, ii. 80, 505 

— silver, ii. 269 

— sodium, ii. 47, 607 

— tin, ii. 140, 621 

— uranium, ii. 630 

Fnnut on acetates of mercury^ iii. 170 

arsenic acid, ii. 206 

arsenious acid, ii. 203 

chloride of silver, ii. 270 

hordein, iii. 34 

nitrate of copper, ii. 163 

oxides of cobalt, ii. 188 
Prout on calcuU, iii. 201 

nitrate of urea, iii. 195 

purpuric acid, iii. 193 

respiration, iii. 223 

the sap of the vine, iii. 8 

urea, iii. 106 

uric acid, iii. 192 

urine, iii. 195 
Proximate analysis, i. 223 ; iii. 17, 172 

principles of vegetables, iii. 18 

animals, iii. 172, 175 

Prussian bhtey ii. 122 

process for making, ii. 123 
its nature, ii. 122 
— properties, ii. 124 
Scheele on, i. 170 
native, ii. 121 
Prussiate ofpotassa and inn, ii. 122 
used as a leal, i V4a 



Pnusic acid, i. 170, 449 

its preparatioD, i. 449 

— properties, i. 460 

gas (cyanogen), i. 446 
PuddUng,u,l2S 
Pu^rf nerves, pi. m 
PuMs antimomaUs, ii. 180 
Pumice, ii. 808 
PmyieaiiM ofcoalgus, i. 489 

sugar, iii. 21 
Purpte powder qf CeushUf n. IU,«I 
Purpmie add, iii. 198 
Pus, iii. 190 
Putrrfactum, iii. 178 

of animal substances, iii. 174 

resisted by charcotly i. 418 

retarded by carbonic acid gas, iii.174 

exclusion of air, iii. 174 

Putty qf tin, ii. Ul 

Pycmte, ii. 818 

Pyrites, arsenical, ii. 446 

copper, ii. 166 

iron, ii. 118; iii. 811 

analyzed, ii. 884 

magnetical, ii. 118 

tin analyzed, ii. 899 
Pymumt water, ii. 602 
Pyroacetic ether or spirit^ iii. IG4 

acid, iii. 164 
PyroUgnate of lime, iii. 168 
Pyroligneous acid, iii. 102 

purified, iii. 162 
Pyromucous acid, iii. 20 
Pyropharus, Homberg's,i. 64, IGG ; ii. JIO 
Pyrophysalite, ii. 318 
Pyrotartaric acid, iii. 79 
Pyro-uric acid, iii. 198 



QUADRANT, electrometer, i. 260 
Quadriphosphate of lime, ii. 70 
Quadroxalate ofpotassa, iii. 89 
Quantity of electricity, i. 266, 276 



Qfusrries^ slate, iu. 281 
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ii.2S 
Quariz, ii. S06 ; iii. 251 

moantain masses of, iii. 252 
Quereiiron bark, iii. 50 
QmckUme, u. 72 ; iii. 288 
QnckgUver, ii. 242 (see Mercury) 
QmUs, their natare, iii. 208 
;, iii. 113 

its acetate, iii. US 

•— salts, iii. US 



RADIANT maiter, i. 285 

heat,i. 1&1,29S 

light, i. 1T9, 286 

productive of chemical changes 

i. 165, 180, 300, 341 

heat, i. 161, 293, 806 

solar, i. 293 

terrestrial, i. 294 

transmission of, through 

glass, i. 296 
RaMaHam ffterratrial heat, i. 93, 284 

heat in Tacuo, i. 298 

cold, i. 93 

theory of, i. 297 
RttdMotoTSy 1. 298 
Radical vinegar^ iii. 161 
Radicle of seeds, iii. 4 
iiofii water, i. 330 
Ram sugar, iii. 21 
Ray of light, i,2S6 

electrical, i. 282 
Rojfs, calorific, i. 301 

colorific, i. 301 

decomposing, i. 301 

luminous, i. 301 

prismatic, i. 292 

solar, their influence in natare, i. 303 
RaymaHd Lutty, i. 13 
Reagents used by Bergman, i. 142 

in examination of mineral waters, 
U.485 
Realgar, u. 213 



Reaamm's thermometer, i. 90, 229 
Receker, i. 323 

tubulated,!. 343,353 

quilled, i. 353 

fur gases, i. 313 
Receivers of heat, i. 296 
Receptive potter of bodies for solar heat 

qfected by cotom, i. 206 
Red dye,u\,6Q 

fire, ii. 91 

lead, ii. 165 

oxygen obtained from, by 

Priestley, i. 129 
marl, ui. 268 
precipitate, ii. 243 

oxygen obtained from, bj 

PriesUey, i. 129 

sandal wood, iii. 115 

silyer ore, ii. 276 

sand of urine, iii. 199 

sandstone, iii. 288 

new, iii. 288 

aspect of, iii. 289 

its localities, iii. 280 

sulphuret of arsenic, ii. 213 
Reduction qf copper ores, ii. 155 

iron ores, ii. 115 

lead ores, ii. 168 

silver ores, ii. 268 

cine ores, ii. 138 
R^fiuen^ verditer, ii. 159 
R^finiug of sugar, iii 21 
Reflected Ught, i. 288 
RefUctiom of cold, i. 93 

of heat, L OS, 294 

— Ught, 1. 288 
Refraction, u2Sf 

of light, L 287 

— heat, i. OS, 293 
double, i. 289 
extraordinary, i. 290 
ordinary, i. 287 

Refractive power, table of, i. 286 
affected by d«Diikti>\ 



REF 



ROY 



Refnctiee power affected by combiistibi- 

lity, i. 288 
R^angUnHty of the d\ferent rtqfi^ L 29B 
Refrigeration by eraporatUm, i. 247 
Regenerated sea salt, ii. 33 
Regvbta qfantwumif, ii. 172 

of bismath, u. 184 
iZematJM, organic, 111.278^296^296,297, 
311 

in secondary rocks, ill. 278 
Reimetj iu. 183 
Representative manbersy table oi^ i. 464 ; 

11. 506 ; Hi. S45 
RepuUimy electrical, i. 249 
Resmo/Ufe,ul.l86 
RegmemeUctrieUpy 1.^50 
ReriiUf vegetable. Hi. 64 
i2eiptraHofi,lu.217,222 

Mayow on, i. 69, 71 

Hales on, i. 102 

process of, iiL 222 

its uses, ill. 223 

produces carbonic acid, i. 429 ; iii. 
222,228,225 

supported by oxygen, i.31G; iii. 225 

purification of air spoiled by, i. 132 

of fish, iii. 225 

— nitrous oxide, i. 317 
Resplendent feldspar, iii. 253 
Reie mucosum, iii. 203 
RetinasphaUum, iii. 76 
Adori«, 1.312 
Recerheratory furnace, i. xiii. 

Rey, his explanation of calcination, i. 

60, G6 
Rheundc acid (from green rhubarb) 
Rhodium, ii. 4, 264 

how procured, ii. 2&1 

its ores, ii. 2G4 

— properties, ii. 264 

— alloys, ii. 265 

— muriate, ii. 264 
Rhubarb, ui. 110 

Richier on chemical attraction, i. 83 



Richter on acetate of alnmiiiay iiL 171 
Ripley, George, i. 16 
fitter on radiant matter, i. 301 
Rioer water, 1. 336 

Robert ami Charles, their ascent in a bal- 
loon, i. 168 
RodifHti OK <UfMr(^gmy iiL 41 

liquorice, iii. Ill 
RocA«2le soft, 111. 81 
i2ocfc crystal, U. 306 ; iiL 261 

cork, ii. 318 

salt, 11. 49 

— mines of in Cliesliire, iL 49 ; iiL 

290 

JRodkf, aspects of, iii. 249 

their deoompositioiiy iii. 109 

fleets, iu. 242 

primary, iu. 242, 248, 261 

their charactera, iii. 267 

secondary, iii. 2f2, 240, 276 

their characters, iii. 277 

stratified, ill. 275 

theory of their formatioo^ Hi. 2J6 

transition, HL 242, 249, 275 

varieties of, iii. 249 

volcanic, iii. 243, 814 

Roebuck, Dr,, on sulphuric acid, 1. 390 

Roemer on light, i. 286 

Roe stone, ii. 72 

Roger Bacon, i. 9 

RolUng of iron, ii. 128 

RoU sulphur, i. 387 

Roman vitriol, ii. 156 

Romi de Lisle on crystallization, i. 197 

Roots of plants, 1. 108 ; iu. 2, 109 

Rosacic acid (from urine). 

Rose diamonds, i. 415 
quartz, U. 307 

Rosin of capper, ii. 150 

Rothoff on oxides of cobalt, u. 188 

Rouge, iii. 118 

Royal Society, notice of the, i. 62 
Academy of Sciences, i. 54 
Institution, voltaic battery of, i. 173 
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SAL 



Ropdl InstituiiaHj laboratory of the, i. xiii. 
RubeUte, ii. 471 
Ruhjf, ii. 312 

balass, ii. S12 

copper ore, ii. 149 

spinellc, ii. 312 

silver ore, ii. 276 
RmUm for correcting the robonei o/ gases, 

1.375 
Rum, iii. 131, 135 
Run^ord on the conduction of heat, i. 236 

conducting power of fluids, i. 237 
lbQierr«ifropf,ii.302 

metal, ii. 161 
Amj< (oxide of iron), ii. Ill 
Rutherford, discovery of nitrogen by, i. 

138, 346 
RutUUe, ii. 196 
Rjfe, its composition, iii. 37 



SACCHARATE qf Uad, iii. 28, 346 
Saccharometer, iii. 128 
Saeeholactatea,m, 185 
Sacckoladic acid, iii. 19, 185 
Sleety lamp. Sir H. Davy's, i. 807, 443 ; 
iU.292 

construction of, i. 444 

principle of, i. 307, 448 
Sil^irer, iii.lt8 
Ai^nm, iii. 89 

of antimony, ii. 178 

— mars, ii. 112 
Sage on brass, ii. 161 

on solphnret of Insnuth, ii. 495 
Sago, iii. 85 
Sahme, ii. 319 
Sami Parize waters, ii. 502 
Sal alembroth, ii. 261 

ammoniac, i. 47, 366 

fixed, ii. 63 

secret, i. 47, 306 

catharticus amarus (sulphate of 
magnesia), iL 106 



Sal de duobus, ii. 40 

diureticus (acetate of potassa), iii. 
164 

enixum, ii. 41 

gem (rock salt), u. 49 ; ut 200 

jovis, ii. 143 

martis (greensulphate of iran),ii. 119 

mirabile,i.47,49; H. 51 

perlatum, ii. 53 

polychrest Glaseri (salphate of po- 
tassa), ii. 40, 38 

prunelle, ii. 37 
Sa^fiabU bases, i. 178 
Saline mineral waters, ii. 502 
Salica, iii. 189 

nature of, iii. 189 
Salmon, Dr,, i. 14 
Salop, iii. 35 
Salt, ammoniacal fixed, ii. 63 

— secret (sulphate of anmoiiia), 
i.396 

arsenical of Macquer (superaneni- 
ate of potassa), ii. 207 

bitter, ii. 98 

common, ii. 49[; iii. 289 

culinary, ii. 49 

digestive of Sylvius (acetate of po- 
tassa), ui. 164 

diuretic (acetate of potassa),!!!. 101 

Epsom, ii. 98 

febrifuge of Sylvius (muriate of po- 
tassa), ii. 88 

fusible, ii. 58 ; iii. lOi 

Olaaer^s polychrest, ii. 88 

Glauber's, i. 49 ; u. 61 

hair, ii. 98 

marine (muriate of loda), ii. 49 

microcosmic, ii. 53; iii. 194 

petre, ii. 36 

its properties, ii. 87 

composition, ii. 87 

uses, ii. 38 

Rochelle, iii. 81 

rock, ii. 49 ; iii. 289 



SAL 



SCH 



Salt, sedatiye, i. 54, 454 
spirit of, i. S41 
sulpbareoas (salphite of potassa), 

ii.40 
taAteless, ii. 52 
of amber (saccinic acid), iii. 66 

— hartshorn, iii. ITS 

— lemons (saperoxalate of potasaa), 

iu.89 

— Saturn, iii. 167 

— Seidlitz, ii. 96 

— Seignette, iii. 81 

— sorrel, iii. 86 

— Sylvias, ii. 33 ; iii. 164 

— tartar, ii. 43 

— Venus, ii. 157 

— wormwood, ii. 43 

SaUs, nature of explained by Mayow, 
i.73 

Lavoisier on, i. 174, 178 

separation of by crystallization, 1. 
195 

neutral, decomposition of, i. 169 

metallic, native, ii. 5 

nomenclature of, i. 310 
Sand, aggregation of into rocks, iii. 311 

in urine, white, iii. 193, 199 

red, iii. 199 

Sand-heat, i. xiv. xv. 
Sandicer, ii. 301 
Sandstone, old red, iii. 288 

modem, iii. 311 
SandstoTies, iii. 296 
Santorio, the supposed inventor of the 

thermometer, i. 86 
Sap-green, iii. 123 
Sap qf plants, iii. 8 

motion of, iii. 7 
Sapphire, ii, ^12 
Sapwood, iii. 3 
Sardonyx, ii. 307 
SassoUn, i. 454 
Satin spar, ii. 71 
Saturation, i. 221 



Saturn^ ii. 163 

salt of, iii. 167 
Saund£rs wood, iii. 115 
Sausswre on alcohol, iii. 146 

on the water of the atmosphere, L 
384 

— — combustion of alcohol, iii. 145 
conversion of starch into sa- 

gar, ui. 33 

— ether, iii. 152 

— granite boulders, iii. S70 

— naphtha, iii. 75 

— vegetable substances, iii. 16 
his hygrometer, i. 385 

Saxon blue, iii. 48 

green, iii. 52 
Scale qf eqidvalents, i. 222 
ScdUs of fishes, iii. 214 

thermometers, i. 230 
Sciqutiie, u. 316 
Scarborough tcaters, ii. 502 
Scarlet dye, iii. 51 

use of tin, in, iii. 51 
Scheele, i. 138, 156, 162 

discovered oxygen, i. 163 

his eudiometer, i. 381 

— green colour, i. 168; ii. 206 

— theory of heat, i. 163, 164 
on arsenic acid, i. 168 

— arscniate of copper, i. 168 

— analysis of the air, i. 163 

— calomel, ii. 246 

— chemical decomposition, i. 168 

— chlorine, i. 318 

— dephlogisticated muriatic acid, 

i. 167, 318 

— eudiometry, i. 381 

— fluor spar, i. 167 

— gallic acid, iii. 96 

— lactic acid, iii. 185 

— light and heat, i. 164 

— malic acid, iii. 97 

— manganese, i, 51, 166 

— milk and sugar of milk, i. 169 



SCH 



SHE 



SckeeU on nmriatic acid, i. 61, 167 

— moljbdic acid, i. 168- 

— plumbago, i. 166 

— Prassian blae, i. 170 

— radiant matter, i. SOI 

— sulphuretted hydrogen, i. 166, 

308 

— tungstates, ii. 227 

— vegetable acids, i. 170 
Sehe€k*8 greeuj i. 168 ; u. 206 

eudiometer, i. 381 
Sekedimn, u. 225 

Seherer on the sap of the maple, iii. 8 
SeUUer spar, iu. 264 

composition of, iii. 264 
Sekmiy ii. 316 
StkofriouB berylt iL 318 
*Sidbwifn', his chemico-medical pharmtr 

copaeia, L 41 
Semtm, iii. 126 
Sewdamore on manganese in mineral 

waters, ii.600 
Seafithj when luminous, i. 305 
Sea jott, ii. 48 

regenerated, ii. 33 

water, analysis of, ii. 06 
Sebaeie aeid (from fat) 
.S^randory rocto, iii. 242, 240, 276 

character of, iii. 277 

height of, iii. 210, 276 

• formation of, iii. 240, 277 

structure of, iii. 249, 278 

varieties of, iii. 280 

Sectmda* penduUm, length of, L 458 

Secreimd ammomac^ i. 47, 396 

SeeretionM, animal, iii. 182 

Section (/ EngUmd, geological, iii. 250 

Sedatiee taU, i. 54, 454 

,Sr<d/iic,iii.65 

Seeds of plaaUs, iii. 4, 118 

growth of, i. 100 ; iii. 5 

Seggon, ii. 321 

Segum on eudiometry, i. 383 

SeidiUzwtter$yiu60ai 
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Seignettet aaU, iu. 81 
&lnMa<es,ii.202,441 
SekmaU cf barpUt ii. 441 
Selemc aeid, ii. 292, 441 
SelemU, U. 67 ; iu. 290 
Seleidumy ii, 4,201,410 

its properties, ii. 201, 441 

— acid, ii. 441 

— chloride, ii. 441 

— hydmret, ii. 442 

— ores analyzed, ii. 442 

— oxides, ii. 441 

— phosphuret, ii. 442 

— sulphuret, ii. 442 
Sdemutreited kjfdrogehgat^ ii. 441 
Stitzer water, u. 602 

SenoOj iii. 116 

Separation of nvn and numgOMimy Ii. 104| 

381, 382 
of lime and magnesia, ii. 100, 103, 

378,494 

— nickel and cobalt, ii. 426, 467 

— salts by crystallization, L 196 
SerotHy, iii. 178 

SerpenHne, iii. 262 

appearances of, iii. 202 

analysis of, ii. 378, 880 

localities of, in Britain, iii. 

noble, iii. 263 
Serteumer on morphinm, iii. 60 

on oenothionic acid, iii. 168 
SeruM, iii. 176 

analysis of, iii. 178 

of chyle, iii. 220 
Seopd-carbonaie ofrndm^ ii. 66 

phosphate of baryta, ii. 87 
ShaU, iii. 290 
Skear-eteel, ii. 129 
SkeU lae, iii. 65 
SftcOf , iii. 212 

egg, iii. 214 

lobster, iii. 214 

mother-of-pearl, iii. 218 

porcellaneous, iii. 218 
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5ftocfc, electrical,!. 200 
SHeXjn.2Bfr (See Silica) 
Silica^ its sourceB, ii. 297 
itf preparation, ii. 297 

— properties, ii. 296 

— nature, ii. 297 

— native states, ii. 806 

^ detection in mineral waters, it. 
499 

— composition, ii. 297 

— solution in potassa, ii. 298 
insoluble in most of the acids, ii. 

S05 

when soluble in acids, ii. 298, 400 

its hydrate soluble in acids, ii. 296 

dissolves in akalis, ii. 298 

forms glass with alcalis, ii. 296 

exists in i^lants, iii. 8 
SiUcated aieaUj ii. 298 

fluoric gas, ii. 805 
SiHcmu earth, ii. 297 

Scheelo'sidea of its formation, 

i. 168 

minerals, ii. 306 

analyzed, ii. 469 

Silicium, ii. 297, 514 

oxide of, ii.297 
SUkihflvate of ammonia, ii. 306 

aluminous minerals, ii. 813 
SUk, bleached by sulphurous acid gas, 

i. 3^9 
SUveira on zirconia, ii. 327, 478 
Siiver, ii. 266, 540 

fulminating, ii. 260 ; iii. 158 

glance, ii. 276 

horn, ii. 270 

native, ii. 266 

standard, ii. 280 

and steel, ii. 280 

— copper, ii.280 

its acetate, iii. 170,350 
-- alloys, 280 

— amalgam, ii. 281 

— ammoniuret, ii. 540 



5iIt«r,il»Aneniifte, ii. 179, 641 

— arsenite, ii. 979 

— assay, ii. 281 

— bemeoate, iii. 106 

— borate, u. 279, 641 

— CttriMMMte, ii. 279, 641 
with ammoiiiayii. 279 

— chlorate, ii. 272, 640 
-^ cUoride, ii. 270, 640 

— compositioD of,ii. 271 

— — - deconlposition o^ ii. 270 
absorbs ammonia, ii. 2A 

— chromate, ii. 279, 542 

— citrate, iii. 96, 849 

— combustion, ii. 267 

— cupeUation, ii. 281 

— cyanuret, ii. 279, 540 

— hyposulphite, ii. 276 
with potassa, ii. 277 

— iodate, ii. 278 
-. iodide, ii. 272, 540 
-- molybdate, ii.220, 541 

— nitrate, ii. 273, 540 

fused, ii. 278 

decomposed, ii. 274 

used as a test, i. 141, 141 

150 
forms marking ink, ii. 275 

— nitrite, ii. 275 

— ores, ii. 266 

• reduced, ii. 268 

• analyzed, ii. 460 

— oxalate, iii. 92, 348 

— oxides, ii. 268, 540 

— phosphate, ii. 278, 641 

— phosphuret, ii. 278, 541 

— preparation, ii. 267 

— properties, ii. 267 

— salts, ii. 280 

— sulphate, ii. 277, 541 

— sulphite, ii. 277, 541 

— sulphuret, ii. 276, 541 

— tartrate, iii. 86, 347 

— tarnish, ii. 267 
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surer, iU tungsUte, ii. 542 

— te8U,ii.280,640 
grain of trees, in. 4 

'pMrder,ti.28l 

ofsilkyii. 274 
r, ii. 161 
SimpU decompcMmy i. 217 

sapporters ofcombosUoB, i. SO0 

acidifiabie and jniammable sub- 
stances, i. 316 
Smger^t tUctrvmeUr, i. 9S3 
Smgk deamtpotUumj i. 217 
Sinqy, iii. 27 
Sizf , how prepared, iiL 216 

its uses, iii. 206 
Skdetmu 0^ GModdUmpe, iii. SU 
<Saicm,iiL203 

its essential principle, iii. 

how changed in tanning, iii. 
Skked lime, U. 61 
SUUy varieties of, iiL 281 

iisesor,iii,28»,2BI 

districts, iii. 282 

quarries, iiL 281 

clay, iii. 280 

appearance of, iii. 281 

granwacke, iii. 281 

its composition, iiL 28D 
SHckemtideSy ii. 166 
AMlf,iLlfi2 
Swuaim on mortar, ii. S25 
SmeUmgofinmoreifU. 115 

of copper ores, ii. 166 

— Einc ores, ii. 126 

— lead ores, ii. 168 
Smiih on urinary caJculi, iii. 261 
Smithmm on calamine, ii. 294 

oscoloufing matter of flowers, iii. 
117, 118 

— litmus, iii. 126 

— sap green, iii.l2S 
Amr, how crystallised, L 194 
Skapy iii. 57 

how made, iii. 57 

2 



Soapf its nature, iii. 67 

— solution in alcoho!, iiL 67 

atest,L146; iu.67 

hard, iii. 57 

soft, iii. 67 

transparent, iii. 67 

glass, ii. 209 
SotftUme, u. 102; iii. 282, 261 

analysis of, iii. 265 
Soapjf rockj iii. 264 
Society, Royal, notice of, i.62 
i$bda,iL48 

pure obtained, ii. 4B 

distinguished from potassa, ii. 48 

native, ii. 66 

tartarisata, iii. 81 

water, i. 427 

of commerce, exanuMUioB of, iL 54, 
S54 

iU acetate, iu. 162, 164, 269 

_ alcoholic solutaoo, iiL 146 

— ammonio-phoaphate, iL 6S, 609 

— ammonio-eulphale, iL 62, 608 

— arseniate, u. 206, 682 

— aisenite, ii. 206 

— benzoate, iii. 105, S59 

— bicarbonate, ii. 64, 366, 609 

— bipbosphate, ii. 63, 609 

— bisulphate,iL52,698 

— borate, ii. 56, 509 

— camphorate, iiL 66 

— carbonates, u. 53, 362, 409, 609 

procured, iL 6ft 

their purity a a ce rtai ned, ii. 

54,362 

— chlorate, iL 60, 607 
-- chloride, iL 48, 607 

— chromate, iL 222 

— citrate, iu. 91, 349 

— composition, ii. 47 

— decorapositiop, ii. 47 
-- hydrate, ii. 48, 507 

— hydriodate, ii. 608 
i— hydrofluate, ii. 76 
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Soda^ i(s hydrosalphurety ii. 60 

— hyposulphite, ii. 61, 608 

— iodate, ii. 60, 606 

— iodide, ii. 60, 606 
*— meooniate, iii. 71 

— molybdate, ii. 890, 684 

— muriate, U. 4S ; iii. 194, 890 
decomposed by litharge, ii. 

166 

— nitrate, u. 60, 606 

— oxalate, iii. 89, 848 
with copper, iii. 91 

— oxychlorate, ii. 608 

— phosphate, ii. 68, 609 ; iii. 194 
with ammonia, ii. 68, 609 ; 

iU. 194 

— phosphite, u. 68, 609 

— preparation, ii. 48 

— properties, ii. 48 

— salts, table o^ ii. 607 

— sesqni-carbonate, ii. 66 

— solntion in alcohol, iii. 146 

— sources, ii. 48, 68 

— snbborate, ii. 66, 868, 600 

— snbcarbonate, ii. 63 

— succinate, iii. 67, 345 

— sulphate, i. 47, 60, 109, 194, 241 ; 

ii. 61, 861, 508 

— • with alumina, ii. 811 

» sulphite, ii. 51, 608 

— sulphuret, ii. 50 

— supertartrate, iii. 81 

— synthesis, ii. 47 

— tartrate, iii. 81, 346 

with potassa, iii. 81, 846 

~ tests, ii. 48, 861, 507 

— tungstate, ii. 228 
Sod€B carbonas, ii. 64 

subcarbonas, ii. 54, 362 

sulphas, ii. 61 
SodaUiey analysis of, ii. 816, 868 
Sodane, (chloride of sodium), ii. 48 
Sodium, u. 4, 47, 507 

and potassium, ii, 56 



Sodium^ its alloys, ii. 66 
its amalgam, ii. 960 

— chloride, u. 48, 861, 607 

*— compounds analysed, iL 861 

— iodide, ii. 60, 607 

— oxides, ii. 47, 607 

— phosphuKt, ii. 609 

— preparatioii, ii. 47 

— properties, ii. 47 

— salts, table of; ii* M7 

— sulphuret, ii. 50, 606 
Soft water, i. 886 

soap, iii. 67 

solders, ii. 187 
SoQsy formation of, iii. 818 

cold, iii. 882 

composition o( iii. 827 

coltivation of, iii. 840 

their subsoil, iu. 839 

improvements of, iii. 810 

temperature of, iii. ISS 

varieties of, iii. 829 

analysis of, iii. 816 

operation of the, iii. 810 

water of, iii. 834 
Solar radiant matter, i. 208 

^iUght, i. 292 

heal, i. 293 

phosphori, i. 304 

beams, influence of, on regetatioo, 
i. 308 
Solders, ii. 187 

SoHd produced from combining ffmoet i.214 
SoUd^ation produces exp<auion, i. 228 

heat, i. 241 

Solids, i,2dS 

expansion of by heat, i. 284 

produce cold on liquefyiog i. 

specific heat of, i. 232 
SobdioH, i. 214 

generally produces cold, i. 

heal, absorbed by, i. 889 

of chlorine i.819 

~ ammonia, i. 361 



SOL 



SPI 



Sohiiiimiifnmnaiic acid,i,U% 
Scmomunen uf the meUdM, ii. 10 
SorHc add, iij. 97 

the same as the malic, iii. 07 
iSWT«(,saltof,iii.86 
i Sl w w d i pndMced byjiamei, L S» 
SmUh m acHaU of lead, iii. 108 

on distillatioo of salpbniic add, i. 
SOS 
SomiMgii(f8eedi,ui.6 
iSjpa tmtfer, ii. 608 
S^, adamantiiie, ii. S12 

bitter, ii. 102 

calcareous, ii. 70 

Derbyshire, u. 7S 

fluor, i. 167 ; ii. 7S, S7S 

Iceland, i. t&Sh, ii. 70 

ponderous, ii. 86 

satin, ii. 07,71 
Spark, electrical, i. 858 
Spatheae tnm are, ii. 128 
Specific graxUy, ii 6 

how taken, ii. 6 

altered by change of tttmpeimtnre, 
t 823,460; iiLU7 

ofalcohol,iii.liO 

diluted, iii. 187 

— alloys, ii. 8S 

— ammonia, i. 361 

•— atmospheric air, i. 873 

— carbonic add, i. 488 

— carbonic oxide, i. 480 

— carburetted hydrogen, i. 486 

— chlorine, i. 319 

— elements and their compouiida, 

i.464 

— ether, iii. 149 

— fluids, ii. 7 

— gases, i. 464 

— hydrogen, i. 887 

— Ice, L 338 

— iodine, i. 384 

<- metals, u. 6, 606 

— mineral waters, ii. 448 



Specific gravity of marMltc acid, L 348 
of nitric add, i. 356 

— nitric oxide, L 349 

— nitrogen, i. 346 

— nitrons add gas, i. 361 

— nitrous oxide, i. 347 

— oili, volatile, iU. 59 
-- oxygen, i. 316 

— solids, it 6 

— solutions of akoiiol, iu. 138 

ammonia, i.361 

muriatic add, i. 344 

nitric acid, i. 356 

sulphuric acid, L 



— steam, L338 

— sulphur, i. 386 

— sulphuretted hydrogen, i. 306 

— sulphuric add, 1 308 

— volatile oils, iii. 69 

— water, i. 338 

*t different tamperatures, L 



— wort, iii. 189 
Specific heai, i. 838 

of bodies estimated, L 833 
formula for ascertaining, i. 

SpedruM, prismatic, L 898 
solar heat in, L 808 
decomposing rays in, i. 301 

Sp€ctdarinmoreaiiaiiized,^,Z» 

Specahtm metal, ii. 168 

4i«M'>ii.28a 

Spermaceti, iii. 211 

is phosphorescent, i. 304 
Spkeme, ii. 196 

Spkeriaatk€onf«iferyitaahtiiim,i.9im 
4)ia€0fni6y, ii.318 

analysed, ii. 478 
SpiraibammoaM Mt, i. 9B9 
Spva nfwme, iii Ul, 136 

of hartshorn, iii. 173 

— mindererus, iiL 164 

— nitre, i. 368 

— salt, i. 47,3a 



SPI 



STO 



SphUffroof, iU. 144 

pyroacetic, iii. 164 

thermometei!, i. 230 

invented by the aoademioianB 

del Cimento, u S7 
i^itritaoitf Uquan, strength of ascertained , 
iii. 144 

table of strength of, ilL ISS 

eolation of soap, i. 14S ; iii. ff7 
optntMff mkeru munt$y m. IM 

snlphnriciyiii. 161 

Spodiimeney analysis of, ii. 67, S16, 868 

Spring-waterf i. 33d 

S^uOb, iii. li(i 

Stales chemicai discoveries i. 64 

elements of matter, i. 66 

theory of combastion, i. 66, S16 
SuaactiU8,u.n^ iti.S06 

fonnation of^ iii. 908 
Standard sUcer^ ii. 280 
Skoaume, (protochloiide of tin) iii. 142 
SiamiaMM, (bi-chloride of tin) ii.l42 
Stamdc addy ii. 143 
Starch, iii. 17, 29, 118,SI& 

how prepared, iii. SO 

its properties, iii. 30 

— hydrate, iii. 30 

— composition, iii. 17, 33 

— iodide^ ii. 30 

— tests, iii. 80, 31 

— varieties, ilL 34 

— conversion into sugar by malting, 

iii. 81 

by sulpharic add, iii. 32 

a test for iodine, iii. 30 
Stata of matter affected by heaty i. 238 
Statuary marble, ii. 71 
StauroUte, analysis of, ii. 319 
Staurotide, analysis of, ii. 315 
5!rMm,i. 121, 838,466 

its elasticity, i. 243, 338 

— expansion by heat, i. 226 

— force at different temperatures, 

i. 243 



Steam, its latent heat, k J21, %U 
its specific gianty, i. 338, 466 

— temperature, i. 243, 388 
heating by, i. 61, 246, 246 

introduced by Ghmber, L61 

engine,!. 123 

boiler for experiments, i. 946 

l^belbr experimeolB on pvesanre, 
i. 243 
Stearmy iU. 66, 209 

itsquantity in fats and oils, iii. 20» 
SteatiUyU. 102; iu. 262,264 

analysis of, iii. 265 
Stedy ii. 129 

its alloy with aluminm, ii. 308 

nickel, ii. 241 

— riiodium, ii. 266 

— silver, ii. 280 

— alloys, ii. 133 

— colours, ii. 132 

i — expansibiUly by heal, i. 224 
I — fonnation, ii. 129 

— temper, ii. 131 

— textnxe, iL 131 

— varieties, ii. 129 
I cast, ii. 129 

Indian, ii. 130 

analyzed, ii. 38f 

shear, ii. 129 

tilted, ii. 129 

gilding of, by ether, iii. 160 
Stibic acidy ii. 176 
StibimuacidyU. 176 
Stibium (antimony) ii. 179 
Slick laCy iii. 66 
StiUntCy ii. 313 
StiUy i. 337 
Stink stone, ii. 72 
Stodart on gilding b j ether, iii. 161 

— tempering of steel, ii. 132 

— coating steel with pl«^*^mim bj 
ether, iii. 161 

and Faraday on aUoys of nickel, il 

2a 



STO 



SUB 



Siodmi and Faraday on carinirate of 
iron, ii. ISO 

steel and platinam, n. S96 

silver, ii. 280 

SUmekenge, iii. 2B6 
SUmes, analyses of, ii. 409 

meteoric, ii. 8S6 
Str^Uf their succession, iii. 249 

of England, iii. 960 
Stratified rocks, iu. 875 
Stream tm, ii. 141 
Strength o/ndpkuric acid, i. S91 

of nitric acid, i. 356 

— mnriatic acid, i. S44 

— ammonia, i. S6l 

— spirituous liquors, iii. 1S2 
Stromeyer on arragonite, ii. 376 

on arseninretted hydrog^, ii. 212 

— cadmium, ii. 4 

ores, analysis, ii. 402 

— meteoric stones, ii. 210 
SrnmHa,ii. 89,514 

distinguished from baryta, ii. 94, 

514 
tinges flame red, ii.M ;iii 145 
water, ii. 90 
its acetate, iii. 165, 350 
appearance before the bloW-pipe, ii 
339 

— arseniate, ii. 206, 532 

— ar8enite,ii.205 

— base, ii.89 

— benzoate, iii. 105 

— borate, ii. M, 515 

— carbonate, ii. 93, 376, 515 
native, ii. 93 

— chlorate, ii. 90, 514 

— chromate, ii. 223 

— citrate, iii. 95, 349 

— composition, ii. 69 

— hydrate, ii. 89, 514 

— hydriodate, ii. 91 

— hydrosulphuret, ii. 91 

— hypophospbite, ii. 92 



Strtmtia, ito hypoBolpliite, ift. 61, tt4 

— iodate,ii. 91,514 

— mofiate, ii. IW, 514 

— nitrate, ii. 91, 514 

— oxalate, iii. 89, 348 

— phosphate, ii. 93,515 

— phosphite, ii. 93 

— preparation, ii. 89 

— propertiet, ii. 89 

— salts, table of, ii. 514 

— solution, ii. 90 

— sources, ii. 06 

— succinate, iii. 67, 346 

— sulphate, ii. 92, 376, 515 
native, ii. 02 

— sulphite, ii. 92, 515 

— sulphuret, ii. 91, 98, 514 
^ tartrate, iii. 82, 347 

— tests,ii.94,339,5l4 

— tungstate, ii. 226 
Stromtiamte, ii. 93 
StrmitHei{See StrmUia) u. 89 
Stnmtimny H. 89, 376, 514 

its chloride, ii. 90, 514 

— compounds analyzed, ii. 376 

— iodide, ii. 91, 514 

— oxide, ii. 89,514 

— phosphnret, ii. 06 

— salts, table of, ii. 514 

— sulphuret, ii. 91, 514 

— tests, ii. 514 
Structure cferystalsy i. 107 

of plants, iii. 2 

— the earth's snriaGe, iii. 248 
Strychaa, iu. 72, 346 

its muriate, iii. 73 

— nitrate, iii. 73 

— sulphate, iii. 73 
Stryckmne, iii. 72 
SubaeeUAe ef lead, ui. 168 

—• copper, iii. 167 
Sabbarate of mtda, ii. 56 
SiJbcmhemaie of ammoma, i. 432 

magnesia, ii. 100 



SUB 



SUL 



P3 



Subearbonaie t^potatsa^ iL 4S 

soda, ii. 64 

use of as a flux, ii. SS7 

Subchloride ofcopper^ ii. 160 

lead, ii. 166 

Suber, iii. 4S 
Suberic acid, iii. 4S 
Sublimate, corrosive, ii. 247 

used as a test, i. 146 

mild, ii. 246 
SubHmaium, i. 194 ; ii. 245 
Subtimatum duke, ii. 246 
Sublimed sulphur, i. 386 
SubmuriaU of copper, ii. 1&%.','^£J^^ 

of mercury, ii. 244 /^ .^^.^r 

-tir.,u.l4» %::^i 

Subnitrate of copper, ii. l5Z^uzQ}'y 

of lead, ii. 166 

— mercury, ii. 263 

— uranium, ii. 194 
Subordinate formations, iii. 243 
SuboxgnUrate of mercury, ii. 263 
Suboxysulphate qf mercury, ii. 267 
Subpercarhonate of copper, ii. 168 
Subpemutriate of copper, ii. 161, 624 
SubpemUrate of copper, ii. 163 

of mercury, ii. 253 
Subpersidphate of mercury, ii. 267 
Subphosphate of lead, ii. 170 

of lime, ii. 70 

— potassa, ii. 42, 606 
Subsilicated fluoric acid, ii. 305 
Subsuiphate qf antimony, ii. 179 

of copper, ii. 157 

— mercury, ii. 257 
Subsulpkuret of bismuth, ii. 186 

of mercury, ii. 254 
Substantive colours, iii. 47 
Succession of strata, iii. 247 
Succinate of ammonia, iii. 67, 345 

of baryta, iii. 67,346 

— copper, iii. 68, 346 

— iron, iii. 68, 346 

— lead, iii. 68,346 



Sue€inaieqfUme,m»€ffft4lli 

— magnesia, iii. AT, S45 

— manganese, iii. 67, S46 

— potassa, iiL 67, S45 

— soda, iii. 67, S45 

— strontia, iii. 67, 346 

— tin, iii. 68, 346 

— zinc, iu. 68, 346 
Succime acid, iii. 66, 345 

its properties, iii. 67 
Av«ir,iii. 17,21, 122,345 

animal, i. 169 ; iii. 181, 197 

cane, iii. 21 

candy, i. 196 ; iii. 22 

crystallized, i. 196 

loaf, iii. 26 

muscovado, iii. 21 

vegetable, iii. 21 

raw, iii. 21 

of milk, i. 169 ; iii. 184 

— lead, iii. 167 

— urine, iii. 197 

its acid (oxalic), iii. 86 

— analysis, iii. 28 

— artificial production, iii. 31, 43 

— composition, iii. 17, 29 

— conversion into gum, iii. 28 

— preparation, iii. 21 

— properties, iii. 27 

— parification, iii. 21 

— sources, iii. 21, 27 

— varieties, iii. 27 
formed from starch, iii. 31 
woody fibre, iii. 42 

Sulphate of alumina and potassa, ii. S09 
of alumina and soda, ii. 311 

— ammonia, i. 47, 396, 467 

and copper, ii. 157 

magnesia, ii. 99 

manganese, ii. 382 

— antimony, ii. 178, 628 

— arsenic, ii. 215 

— atropia, iii. 116 

— baryta, ii. 86, 513 



SUL 



SUL 



SkJpluUt of btarfta amUffZidj U. t74 

— — deoompofled, ti. 86 
its nses, iL 86 

— bismttUi, ii. 186 

— cadmiam, ii. 4(tt, Stt 

— cerium, ii. 196 

— ciachooine, iii. 113 

— coUaltyU. 190,589 
anhydrous, ii. 19D 

— copper, i. 47 ; ii. 166, iSS 

and ammonia, ii. 167 

potaflsa, ii. 168 

— glncina, ii. S29 

— gold, ii. S87 

— iron, ii. 119, 619 

and niclLel, ii. 6S6 

ana]}zed, ii. 886 

— — — its history, i. S4 
-~ lead, ii. 1GB, 596 
analysed, ii, 41S 

— lime, i. 191; ti. 66, 611 ; iii. 
analyzed, ii. 171 

— lithia,u. 69,610 

— magnesia, ii. 96, S77, 616 

— • — analyzed, ii. 176 

and ammonia, ii. 90 

potasM^ ii. 90^616 

— manganese, ii. 108, 617 

— mercury, ii. 966, 6S6 
and ammonia, iL 968 

— morphia, iii. 70 

— nickel, u. 989, 984, 467, 686 

and ammonia, it 984,697 

• — iron, ii. 936, 686 

potassa, ii. 984,686 

— platinum, iL 991 ; iii. 904 

— potassa, u. 40, 606 

and alumina, ii. 809 

ammonia, ii. 49 

copper, ii. 166 

magnesia, ii. 99, 616 

nickel, u. 984, 686 

— silver, ii. 2T7, 641 

YOU III. 



StUpkaU ofmd^y i. 47, 40, 160, 104, 911 ; 
ii. 51,361,606 

and alundna, ii. 811 

ammonia, ii. 68 

— strontia, ii. 99, 876, 616 

— strychnia, iii. 78 

— tin, ii. 145, 699 

— titanium, ii. 197 

— nraniam, ii. 194 

— zinc, ii. 136, 591 
•SUfjAirfes, metallic, ii. 16 

in mineral waters, iL 496 
tesUor,iL490 
Sidpkitt 4 oNHROHta, i. 889, 467 
of baryta, y. 64, 613 
~ copper, ii. 156, 894 

— lead, iL 106, 696 

— lime, ii. 66, 611 

— magnesia, ii. 97, 616 

— potassa, ii. 40, 606 
and copper, ii. 166 

— silyer, ii. 977 

- — soda, u. 61, 606 

— strontia, iL 99, 616 

— tin, ii. 146 

^ sine, ii. 186, 691 
5Hp*atef, metaUic, ii. 18 
AifpWRMfo ^ bar^Ui, iii. 164 

— lead, iiL 164 
AdSpApvomcf aod, ifi. 164 
iSaJ^Jbr, L 886, 466 

alcohol of, L 461 

hydroguretted, i. 401 

li?er of, ii. 89 

milk of, i. 867 

native, L 886, 887 

precipitated, L 867 

roU,L386 

sublimed, L 886 

contains hydrogen, L 166,401 

its action on metals, iL 17 

— carburet, i. 461 
—combination with carboii,L451^470 



SUL 



SUL 



SutphtTf its combination with chlorine, 
i. 397, 467 

hydrogen, i. S96, 467 

iodine, I. 396, 467 

metals, ii. 17 

oxygen, i, 387, 466 

r— phosphorai, i. 414, 468 

— combastion in chlorine, i. 397 
— oxygen, i. 888 

— cyanuret, i. 461 
^ iioweni, i. 386 

— phosphuret, i 414 
•— preparation, i. 387 

— properties, i. 386 

^^ purity ascertained, i. 387 

— sources, i. 386 

— tests, i. 142 
StUphurtme^ i. 397 
SiUphureom$ ndnertd iMrfcrt, ii. 663 
StOphiret qf mOimoi^, ii. 172, 178, 627 

of arsenic, ii. 813, 631 

and iron analyzed, iL 446 

— barium, ii. 83, 613 

— barytes, ii. 83 

~ bismuth, u. 186, 629 
— analyzed, ii. 421 

— cadmium, ii. 623 

— calcium, ii. 66, 611 

— carbon, i. 452,470 

— cobalt, IL 190, 629 

— copper, i. 213 ; ii. 164, 624 
native analyzed, ii. 406 

— gold, ii. 287, 642 

— iron, ii. 118, 619 
analyzed, ii. 384 

— lead, u. 167, 526 - 
— analyzed, ii. 412 

— • copper and bismuth ana- 
lyzed, ii. 421 

— lime, ii. 66 
^- lithium, ii. 68 

— magnesia, ii. 97 

— manganese, ii. 106 

— metals, native, ii. 6 



Aii^B^biirye <sf MCf^my, U. MS, S64, 458, 638 
of motybdeniim, u. 290, 450, 633 

— nickel, iL 934,636 

— phosphorus, i. 414, 468 

— platinum, ii, 9W 

— potassa, iL 39 

its eudiometrical iises,i.381 

— potassium, ii. 30, 606 

— selenium, ii. 44S 
-7 til?er,ii.976,541 

— 8od«,ti.50 

— sodium, ii. 60, 608 
-> stTontia, ii. 91 

— strontium, ii. 91, 614 

— tin, ii. 144, 62S 
-^ uranium, U. 19S 

— sUic, ii. 116, 621 
analysed, iL 101, 101 

MphnnUy hydroguretted, ii. 10 

metallic, ii. 17 

— — native, ii. 6 

nomenclature of, i. 311 
iSh^terdi€d hydrogen, i. 166, 30S, 467 

prepared, i. 196 

its properties, i. 398 

— analysis, i. 399 

— composition, i. 390 

— specific graTity, i. 398 

— absorption by charcoal, i. 419 

— action on metals, ii. 19 

— solution, i. 398 

— use as a test, i. 396 ; ii. 20 
and a«"«"ftniRj i. 399 

tests for, ii. 480 

contained in mineral waters, i. 399, 
489,492 
Sulphuretted oxide ofaniimomf, ii. 179 

sulphite of zinc, iL 136 
Sulphuric acidy i. 889, 467 

prepared by Basil Valentine, i. 30,33 

dUuted, i. 391 

dry, i. 396 

fuming, i. 396 

glacial, i. 396 



SUL 



TAB 



Sufyhtric acid, hydrated, i. 191 
natiye, i. tW 
abtorlM water from the atnosphere, 

LI90 
and water produce heat, i. 180 
itf action on metals, U. 18 

— analysis, i. 994 

— composition, i. S90 

— decompoeltkm, i. 894 
. distiUatioa, I. MS 

— expansidn by heat, 1 29( 

— formation, i. S29 

— nianu&ctare, i. S89, S91, S86 

— preparation, i. SI, S89, 396 

— properties, i. S90 

— proportion in diluted acid, i. SOS 

— purification, 1. 895 

^ rationale of prodoctieii, i. 87, 89S 

— sources, L 889 

— strength ascertained, ii. 867 

— tests, i. 1^ 

— useSyi. 896 
as a test,!. 148 

StdpkMric ether, iii. 147 
prepared, iii. 148 
its properties, iii. 149 

— comporition, iii. 162 
StJpkmic 9xide (sulphurous acid) i. 388, 

466 
Ai^pjbreiif acid, L 888, 466 

discovered by Priestley, L 1S6 
its absorption by charcoal, i. 419 
—•composition, i.888 

— decbmposition, i. 889 

— elements, i. 86d 

— formatioii, i. 186, 888 
» properties, i. 889 

— sc^utioDyi. 886 

— use in bleaching, i. 889 
Simbeams amalifzedy i.m 

contain three kinds of radiant mat- 
ter, i. 861 
SKperacetaU of leady iii. 168 

ii. 176 



I 
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SupenxaUde afptian^j iii. 89 
SupenxifnUrmle of merewry, iL 258 
SttpenxymipksUtfmeratryy ii. 257 
Sitper-penu i nUifmerciBrfy IL 268 
SkperpkoiphaU (tflead^ tt. 170 

of potassa, ii. 48 
SiipermUpkiUeqfamaumiat i. 397 

of bismuth, ii« 186 

— mercury, iL 257 

— potassa, ii. 40 
aKpenmfykurei of mm, ii. 1 18 
anpenufykMretted hfdngan, L 461 
SitpertmirttU of potmem, iii. 80 

of soda, iii. 81 
Skpporienqf com^iufioii, L 809 

are negatively electrical, i. 274 

table of, i. 461 
AM€i spirit 1/ MJfrr, liL 156 
Swme don€,ii.n 

SgrnhtHM^Aeufoenrndad metab, B. 8 
S^emHe roda, iii. 261 
iSif€iitfo,iiL 261 

its aspect, iiL 268 
Sgkim febrifuge saltof, iii. 164 

digestive salt of, ii. 88 
SgnqmiketieiMk^n. 186, 189 
S^mma, til. 199 
Sptthuit, i. 282 
4fnip,iii.25 



TABASUEER, iii. 8 

Table of the obwrpUm rf gotee bffehmr' 

€oai, \: 419 
of acidifiable substances and their 

compounds, i. 464 

— alcohol in'fermented Uquors, iiL 

182 

and water in different pro. 

portions, iii. 186 

— alloys, ii. 24 

— antimony compounds, U. 627 

— atmospheric pressure, L 871 

— baritnn c omp ounds, H. 5ii8 



TAB 



TAB 



TuhU of bismuth compoundi, ii. 628 

— brittle metals, ii. 9 

— cadmium compounds, ii. 62S 

— calcium compounds, ii. 510 

— carburets of iron, their com- 

position, ii. 130 

— coloured rays in white light, i. 



— compounds of acidifiable sub* 

stances, i. 464 

metals, ii. 505 

supporters of combustion, i. 

461 

— composition of vegetable sub- 

stances, iii. 17 

— conducting power of woods, i. 

asm 

— copper compounds, ii. 62S 

— ductile metals, ii. 18 

— elaine in fats and oils, iii. 209 

— elementary substances and their 

compounds, i. 464 

acidifiable and acidifying, 

substances and their com- 
pounds, i. 464 

— electrics, i. 251 

— English measures, i. 459 
— • weights, i. 459 

— equiyalent numbers of vegetable 

and animal products, iii. 345 

-^ of elementary bodies and 

their compounds, i. 464 
metals and their com- 
pounds, ii. 505 

— fermented liquors, their strength, 

iii. 133 
-^ freezing mixtures, i. 240 

— French measures, i. 4G0 
— weights, i. 461 

— gases absorbed by water, i. 340 

— hard metals, ii. 10 

— increase of weight of charcoal in 

the air, i. 419 

— iron compounds, ii. 518 



Tabu o/kteni Am« ^vepem, i. S45 
of lead compounds, ii. 696 

— lithium compooDda, ii. 609 

— magnesium componiids, ii. 515 
Y— malleable metals, ii. 8 

— manganese compomids, it 51T 

— metals cbroBologicaUy arrajBged, 

u. 1 

classed, ii. 96 

and their compoiiiKis,iL 605 

— metallic compounds^ ii. 605 

— metallic precipitates by feno- 

prussiate of potassa,iL 196 
hydrosulphoret of am- 
monia, ii. 90 

infnsioii of galls, iii 

101 

sulphnretted hydrogen, 

ii.90 

— mineral waters, ii. 609 

— mixtures of alcohol and water, 

iii. 138 

— muriatic acid, strength of sola- 

tions, i. 344 

— nitric acid, strength of solutioos 

of, i. 356 
— nutritive principles of vegetables, 
iii. 127 

— potassium compounds, ii. 505 

— quantity of charcoal from vroodi, 

i. 418 
alcohol in fermented liquors, 

iii. 132 
essential oils tmm differrat 

substances, iii. 61 

— refractive powers, i. 988 

— representative n ambers of de- 

mentary bodies and their cob* 
pounds, i. 464 

— sodium compounds, ii. 607 
—* solid matter in urine, iii. 198 

— specific gravity of the metals, it 

5,506 
volatile oils, iii. 69 



TAB 



TAR 



TubU of the specific gutvHp cf unUer at 
different temperatures, i. 40S 
dilated alcohol, iii. 138 

— stearine in Cits and oils, iii. 209 

— strength of ammonia in solution, 

i. S61 

Tennented liquors, iii. 132 

muriatic acid, i. 344 

nitric acid, i. 356 

sulphuric acid, i. 392 

— strontium compounds, U. 514 

— supporters of combustion and 

their compounds, i. 464 

— tannin contained in diferent 

barks, iii. 45 

— tenacity of metals, ii. 9 

— thermometric scaks,i. 836 

— tin compounds, iL 581 

— urinary solid matter, iii. 196 

— value of diamonds, i. 416 

— value of light from different 

sources, i. 441 

— varieties of potaasa, ii. 45 

— vegetable substances, their com- 

position, iii. 17,345 

— volatile oils, their speciie gia- 

vity, iii. 59 

— weights of gases, i. 379 

— asinc compounds, iL 530 
Tables, chemical of Oeoffiroy, i. 76, S17 

OUpin's, iii. 138 
TabmUar view of demeniSf their com- 
pounds, ifc,, i. 464 
Ttddei en gbden, iii. 36 

guaiacum, iii. 65 
IVrfc, U. 108 ; iU. 864 

composition of, iii. 864 
TViOoir, ui. 808 
Tamiaie ttf Uadf iii. 45, 345 
T^mmii, iu. 44, 180, 345 

its sources, iii. 44 

— tests, iii. 44 
obtained, iii. 44 

its properties, iii. 44 



Tiomm/rwn gsXUy iii . 44 

catechu, iii. 44 

bark, iii. 44 

artificial, iii. 45, 120 
. quantity of in different barks, iii. 45 

with gelatine, iii. 804 
7amiti^,i. 116; iii. 206 
TamithgeJkie ef brmiy iii. 108 
TmiaHte, ii. 889 
Taniaimm, ii. 889 
Ttqrioca, iii. 35 
Tor, mineral, iiL 75 

of wood, i. 48 

Tantisk of sikfer, ik 2m 
Tartar, iii. 80 

cream of, iii. 80 

crude, iii. 80 

emetic, iii. 84 

oil of, per deiiquium, ii. 43 

salt of, iii. 81 

soluble, iii. 79 

tincture of, iii. 145 

vitriolated, ii. 40 
Tartaric acid, iii. 78, 3^16 

obtained, iii. 78 

iu properties, iii. 79 
Tartrate ef ammmia, iii. 79, 346 

of alumina, Iii. 86 

— antimony, iii. 347 

— antimony and potaasa, iii. 6|, 347 

— baryta, iii. 88, 347 

— bismuth, iii. 85, 847 

— cerium, iii. 86 
^ cobalt, iii. 85, 347 

— copper, iiL 83,347 
— '"iron, ilL 88, 347 

and potaasa, iii. 83, 347 

— lead, iii. 79, 84, 347 

— lime, iii. 88, 347 

— magnesia, iii. 88, 347 

— manganese, iii. 88, 347 

— mercury, iiL 86, 347- 

— nickel, iu. 86, 347 

— potassa, iii. 7^, 3 



TAR 



TES 



Titrtraie of potaua and ammoma^ iii. 8t, 
S46 

antimony, iii. 84 

copper, iii. 88 

iron, iii. 83, 847 

lead, iii. 84, 347 

lime, iii. 82, 347 

mercarj, iii. 86, 847 

silver, iii. 86, 347 

soda, iii. 81, 346 

tin, iu. 83, 347 

— silver, iii. 86, 347 

— soda, iii. 81, 846 

— strontia, Iii. 88, 347 

— tin, iii. 83, 347 

— iiraniam,iii. 85 

— zinc, iii. 83, 347 

Tasgaert on arsenical cobaU, ii. 425 * 

Tagte produced bp voUaie eleetrieUp^ i. 269 

Tasieless ague drop, ii. 206 

7Wed2ea/^,iii.206 

Taylor on oil gaa iUunmationy 1. 441 

7rar«, iii. 180 

Teeih, iii. 216 

enamel of, iii. 215 
TeUurate o/poiassay ii. 201 
TeUuraies metaiUCy ii. 201 
Telhtretted hydrogen^ ii. 200 
Telluriumy ii. 4, 199, 530 

its chloride, ii. 200, 530 

— hydriodate, ii. 200 

— hydroret, ii. 200 

— iodide, ii. 200 

— muriate, ii. 200 

— oxide, ii. 199, 345, 530 

— preparation, ii. 199 

— properties, ii. 199 

— tests, ii. 201, 345 
is acidifiable, ii. 201 
ores of, ii. 199, 434 

analyzed, ii. 434 

Mack ore of, analyzed, ii. 438 
grey ore of, analyzed, ii. 436 
yellow ore of, analyzed, ii. 436 



TeSmnmy natfye, aaalyaedy^iL 435 

TnMfKfslare, i. S48 

measured by thaimoBieter, L 230 
laflaeiioe of on chemiol aUbaty, L 

216 
of different boiling points, L 241 

— fusing points <tf metals, iL U 
-< soils, iii. 882 

changes of by solntifHi, L 238 

solidification, L 241 

evaporation, i. 247 

Tempering t^steOfii. 181 
TMoctly (/ metefa, IL 9 
2ViiiloM, iii. 207 
Tension of electrieiijh i. 265 
Temumi on dobmUty iii. 266 

on tridiom, ii. 4, 268 

— ores of platinns^ ii. 468 

— osmiam, ii.4,26| 
TnmawHte^^ 155 

Terra foUata tartmiy iiL 164 

crystallizat^ iii. 164 
TcrreHnalffirficitf J^, i. 294 
TeslSy first described by Boyle, i. 140 

used by Bergman, i. 142 

examination of mineral waters by. 
ii.487 

for acids, i. 142, 215 

— alkalies,!. 142,215 

— antimony, ii. 627 

— arsenic, ii. 216, 531 

— baryta, ii. 512 

— bismuth, ii. 628 

— cadmium, ii. 523 

— copper, ii. 623 

— examination of mineral waters 

ii.485 

— iron, ii. 618 

— lead, ii. 171, 525 

— lime, ii. 510 

— lithia, ii. 509 

—- magnesia, ii. 615 

— manganese, ii. 517 

— metals, i. 150 ; u. 20, 126 ; iii 101 



TES 



THO 



Tewis, for platiniun, ii. 

— potassa compoands, ii. 505 

— silver, ii. 880,540 

— soda compomidB, ii. 507 

— stroniia, ii. 514 
--tin,u.52l 

_ Qrinary caleuli, iu. 800 

-~ zinc, ii. 580 
Texture, effect of 'on the coadoctiiig 

power of bodies, i. 236 
ThaUiie, ii. 317 
Thenard on albumen, iii. 179 

on alloys of arsenic, ii. 815 

— analysis of vegetable tnbstances, 

iii. 18 

— antimonic acid, ii. 176 

— arseniate of lead, ii. 417 

— arsenions acid, ii. 805 . 

— arseninretted hydrogen, ii. 218 

— bile, iii. 187 

— bororets, ii. 88 

— cobalt, blue, ii. 101 

— mnriatic acid, i. 841 
ether, iii. 159 

— nitric ether, iii. 156 

— osniazome, iii. 207 

— oxides of iron, il. US 
nickel, ii. 2SS 

— oxygenated water, i. SSO ; ii. 78 

— potassium, ii. 28 

— starch, iii. 17, SS 

— vegetable substances, iii. 16 

— wax, iii. 64 
Theory, atomic, i. 220 

of colour, i. 292 

— crystallisation, i. 197 

— definite proportions, i. 280, S40 

— electricity, i. 28S 

— falling stones, ii. 8S9 

— formation of sulphuric acid, i. 398 

— the earth, iii. 230 

— radiation, i. 297, 306 

— Voltaic pile, i. 279 
Tkirmometer^ it* history, L 86 



Themiometer, its inyeotioii attributed to 
Drebbel, i. 86 
Santorio, i. 86 

— — • Van Helmont, i. 87 

— construction,!. 

— graduation, i. 88, 

— different scales, i. 889 
air, i. 831 
centigrade, L 90, 
De Lisle's, i. 230 
Fahrenheit's, i. 90, 
Leslie's differential, i. 831 
mercurial, i. 889 
photometric, i. 300 
Reaumur's, i. 00, 829 
spirit, i. 230 

invented by the Acadoaiciana 

del Cimento, i 87 
Wollaston's, i. 8U 
Thammm <m acetaU ^ eoppetf iii. 167 
on Allanite, ii. 197, 484 

— arseniates of copper, ii« 809 

— arsenic acid, ii. 806 

— arsenioui acid, ii. 805 

— blende, U. 391 

~ chloride of lime, ii. 63 
sulphur, i. 897 

— hydrated sulphur, u 387 

— malt, iii. 38 

— muriatic ether, iii. 159 

— nitric ether, iii. 157 

— oxalate of ammonia and copper, 

ia.9l 
^ oxymnriate of lime, ii* 63 

— periodkle of phoepboras, i. 410 

— phosphmiBt of carbon, i. 453 

— phosphuretted hydrogen gaa, k 

411 

— proof spirit, iiL 144 
-. sodaUte, ii. 315, 368 

— sulphocyanic acid, L 451 

— test for gum, iii. 19 
starch, iii. 31 

^ — tnngatic add, ii. 886 



THO 



TIT 



ThmrUta, ii. 331, 48» 

procured, ii, S31< 483 

its properties, ii. 331 
Tkorimm, ii. 4, 831 
Thumentfmefii, 317 
Thmder, i. 9B1 

hoa8e#i. 281 

storm electrical, 1. ST9 
TOe ore, u. 140 
rOffd sieel, ii. 12» 
TtR rntne, Cafglalse, iii. 971 
Tm, ti. 180^621 

assay of ores of, ii. 401 

compoand»of, analysed, ii. 806 

charaetets of the salts oftii. 146^ 63! 

and gold, ii. 288 

foil inflamed by nitrate of copper,lL 
153 

plate, ii. 187 

powdered, H. 140 

precipitation of gold by, il. 987 

pntty, ii. 141 

pyrites analyzed, ii. 399 

stone analysed, ii# 896 

stream, ii. 141 

its acetate, iii. 166, 350 

— acid, ii. 143 

— alloys, \'u 127, 146 

— arseoiate, ii. 209, 639 
-^ benzoate, iii. 106 

— bisulphnret, ii. 144, 522 

— borate, ii. 145 

— batter, ii. 142 

— ' carbonates, ii. 145 
-^ chlorides,!]. 141,522 
•i- -^^ analyzedyii. 399 
^ citrate, iii. 349 

— expansion by heat, i. 221 

— hydrates, Ii. 140 

— hydrosulphuretted oxide, ii. 145 
-^ hyposulphite, ii. 145 

-. iodide, ii. 143,522 

— muriate, ii. 142, 522 

a test for gold, ii. 142, 287 



TVn, muriate of, a teal for platiMUi 
208 

— nitrates, iL 144,591 

— ores, a. 180, 141 

analyaif of, Ii. 806 

-- oxalate, iiL 00, 8« 

— oxldea, ii. 140,848,591 
analysis of^ U. 806 

— oxymuriate, ii. 148 
*— peracetate, iii. 186 

— peroxide, ii. 140, 899 
•— phosphate, ii. 145 

— -phosphite, ii. 145 

— phosphuret, ii. 145, 599 

— preparation, ii. 180 

— properties, ii. 130 

— protacetate, iii. 166 

— protoxide, U. 140, 691 
-^ salts, toble of, ii« 591 

— succinate, iti# 68, 84S 

— sulphate, ii. 145,599 

— sulphite, ii. 145 

— sulphuret, ii. 144,599 

— tartrate, iii. 83, 347 

with potassa, iii. 83 

-- tests, i. 151 ; ii. 146, 348, 521 

— use in dyeing, iii. 50, 51 
Tmcal, ii. 56 

Tmcture ofgalUj a test for iron, i. 1 

tartar, iii. 145 
TtncturafetrinmriaHs^u. 117 
Tmningy ii. 162 
TUanUe, ii. 195 

analysed, ii. 431 
Titanivm, ii. 4, 195 

its carbonate, ii. 196 

— muriate, ii. 196 

— nitrate, ii. 196 

— ores, ii. 195 

analysis of, ii. 431 

— oxide, ii. 195, 196, S44 

— preparation, ii. 196 

— properties, ii. 196 

— tests, ii. 1U7, 344, 530 



TOD 



URA 



Tmbacj ti. Id 

npax, oriental, i. IM ; u. US 

occidental, ii. SIS 

a good conductor of heat, L S6 
T«nw«fo, i. 282 
7Vnrjc«aiaii tacmm, i. S70 
Ttfrricdiion the pretsore of the atmo- 
sphere, i. S70 
TWv </ C^rmrair, iii. 272 
Tttprmalme, i. 254 ; il. St6 

green, ii. 47t 
7V«giicoiiA gum, ill. 20 
IVoanfioii nidb, ui. 242, 210, 275 

limestone, iii. 2B4 
TrmMsmiuim t(f eiewimU fty dedndtff^ i. 

274 
TVuRsnntf tfliMi (if metels, L 6 

account of a case of, i. 19 
TnMsparemcffy i. 287 
TViamNnnflrt soap, iii. 57 
TVdiiapirflfiiMi </ ptoiCs, i. 105 ; iii. 6 
Trap roekM^ iii. 206 
7Vrac2f,iii.21,26 
Treettj grotrth ^, i. 110 
TremeHte, u. S18 
3Vi|)*«itf, ii. 57, 315, 368 
TripU pntuiaU of poeossa, ii. 124 

calculus, iii. 200 
Trumef^idtUj Hermetj i. 6 

works attributed to him, i. 7 
TriUmde of lead, ii. 164, 526 

manganese, ii. 105,517 
Tnmnudorjf em raUrioKy iii. 110 
Tnmc, ii. 55 

Traables in eoal-mmes, iii. 203 
Tnmgh, jmeamatiey i. 128, 312 

mercurial, i. 128, 321 

Toltaic, i. 270 
Tube, detonating, i. 333 

of safety, i. 343 

luminous spiral, i. 259 
TtmbrUge waien, ii. 502 
TmgMiaU of ammomUif ii. 227 



TimgUaUof Ume, u. 226, 536 

aMdysed, ii. 4M 

~ magnesia, it 298 

— manganese, 11.928, 636 

— potassa, ii. 227 

— sUver,a642 

— soda, ii. 228 
TwngHten, i. 170 ; u. 3, 226, 536 

obtained, ii. 226 
its properties, ii. 225 

— acid, ii. 226, 343, 636 

— oxides, it 226 

— ores analysed, ii. 459 

— tests, iL 343 

— preparations, ii. 226, 636 
Tmtgttic add, ii. 226, 343, 636 

its properties, ii. 990 

oxide, ii. 225 
IVpirfi en atcfcrl, ii. 232 
TVo/, iii. 77 

TmMricy i. 142 ; iu. ttO 
TVmtp, composition o( iii. 37 
TMnmie, iii. 125 

Twrpndme, oil of, its expansion by heat, 
i.225 

latent heat of vapour of, i. 246 

artificial camphor formed from, iii. 
63 
Twrpttk mmeraly ii. 267 
TWfliag, ii. 161 
TVpev, metal of^ ii. 189 

ULMTS, m. 38 

artificial, iii. 43 
Vkmate amdgng^ i. 223; ui. It 

principles of vegetables, iii. 10 

animal substances, iii. 179 

UUrnmarime, ii. 319 
UramU^ ii. 193 

analyzed, ii. 429 
Uramiic mica, ii. 193, 429 
UranmMf ii. 4, 193, 629 

its acetate, iii. 160 



URA 



V!AU 



I, its aneniate, ii. SiO 
its bensoale, iiL 100 

— charactefs, ii. 19S 

— chloride, iL 19S 
• citrate, iii. 06 

— compounds analyzed, ii. 428 

— nitrate, ii. 104 

— ores, ii. 103 
analyzed, ii. 428 

— oxalate, iii. 02 

— oxides, ii. 103, 344, 428, 530 

— preparation, ii. 103 

— subnitrate, ii. 104 

— sulphate, ii. 104 

— sulphuret, ii. 103, 104 

— tartrate, iii. 86 

— tests, ii. 106,324,630 
Vfoltt tif ammomay iii. 103, 201 
Urates, iu. 103 

Vre ON gidphuric acid, i. 301 
Urea, iii. 106 

obtained, iii. 105 

properties of, iii. 106 

combines with metallic oxides, iii. 
106 

nitrate of, iii. 105 

composition of, iii. 106 
Uric acidyUi. 192, 199, 200, 350 

composition of, iM. 103 

in urine of birds and snakes, iii. 100 
Urinary calctdi, i. 170 ; iii. 199 

principles contained in, iii. 200 

appearances of, iii. 199, 200 

varieties of, iii. 200 
Urine, iii. 190 

analysis of, iii. 197 

composition of, iii. 191, 107 

carbonic acid of, iii. 192 

calculi in, iii. 199 

changes of in disease, iii. 107 

diabetic, iii. 197 

free acid in, iii. 191 

fusible salt of, iii. 194 

gravel in, iii. 199 



C/rMf, pf»«Jlaf add ^f (uric), iu. 1M 
phosphoric acid of, iii. 19S 
sugar 4f, iii. 197 
of graminivorons animato, iiL 190 



L4I1 



by, L87 



VACUO, ice piocured in, i. 1»,S47 

radiation of heat in, i. 
Vaamm, TorriaUiati, i. 370 
Valentine, BaaU,LX,Vr 
Vakrian, iii. 110 
Value cf Ughtfram ^eroA 
Van HehnoHt, i. 17, 41, W 

air thettnometer 

his tincture of tartar, iii. 146 
VapmrbuMntf i. 121 

produces cold, i. 243 

hastened by heat, i. S41 
Vapowrt, i. 241 

formed by heat, i. 241 

force of, i. 243 

expansion of by heat, i. 216 

latent heat of, i. 246 

are compounds of fluidf and haatyL 
244 

— electrical, i. 268 
Varnish, iii. 57 
Varnishes, iii. 60 

VauqueUn on acetate of tin, iii. 166 

— axinite, ii. Si7 

— artificial gam, iii. 34 

— asparagin, iii. 41 

•^ bitter principle, iii. 40 

— bones, iii. 216 

— cerebral substance, iii. 212 

— cerite, ii. 432 

— cerium, ii. 198 

— chlorate of copper, iL 153 
mercury, ii. 251 

— chromium, ii. 4, 221 
ores, ii. 451 

— colouring matter of blood, iii. 180 

— cyanogen, i. 447 

— galena, analysis of, iL 412 



VAU 



VIT 



Vmuptdm on garnet, ii. S14 
on glucina, ii. S88 

— hair, iii. 206 

— iodine, i. 384 

— kinic acid, iii. 106 

— lactic acid, iii. 165 

— liihia, ii. 69 

— lobster-8heU,iii.214 

— lapiae seeds, iii. 120 

— malic acid, iii. 97, 96 

— meteoric stones, ii. 240 

— nicotin, iii. 40 

— nightshade, iii. 116 

— onioo, iii. 124 

— sap of plants, iiL 8 

— sulphiiret of potaasa, ii. 45 

— tartrate of potaasa and soda, iii. 

81 

— titanium, ii. 196 
ores, ii. 4S1 

— tangstates, ii. 227 

*- varieties of potassa, ii. 4S 

— zeolite, ii. 313 
Vegetable wbdemeeM^ iii. 1 

composition of, iii. 10, 16 

analysis of, i. 177 ; iii. 10 

general laws of their oompoaition, 
ui. 10 

table of their compositioD, iii. 17, 
127,345 

nutritive matters, iii. 127 

Vegetable acids, iii. 78, 122 

table of, iii. 345 

albamen, iii. 36 

alcali, ii. 32, 43 

alcalies, iii. 69, 72 

butters, UL 55 

chemistry, iii. 1 

extract, iii. 38 

notritive principles, iii. 36 
VegetabUt, growth of, iii. 6 

proximate principles of, iii. 17 

ultimate principles of, iii. 10 

effects of light on, i. 179, 303 



Vegeiatum, purificatioo of air bj, i. 139; 
U1.6 

chemical pbaenomena of, ill. 2, 6 

Hales on, i. 104 
Veuuy mineral, iii. 304 

granitic, iii. 266, 267 

metallic, iii. 301 

their accidents, iiL 306 

ages, iii. 30T 

direction, iii. 306 

formation. Hi. 306 

indications, iii. 307 

VeUfcUy of ligki, i. 286 
FeM{,i. 141 
Venotu blood, iii. 221 
Vetdihtumy i. 227 
VerdmiHqMe, ii.72 
VenHgns, i. 1% ; iii. 162, 167 

its composition, iii. 167 
Verditer, ii. 159 
VermOioM, ii. 265 
VesurioHy ii. 314 
Vicai OH mortarsy ii. 325 
Vmegm-j iii. 160 

production of, iii. 160 

purification of, iii. 161 

properties of, iii. 161 

latent heat of its Tapotnr, i. 246 

distilled, IIL 161 

pyroligneo«s, i. 47 ; iiL 162 

radical, iii. 161 

of wood, i. 47 ; iii. 162 
Vinmufermenioiiomy IiL 128, 130 
Vhrnmferri, ii. 117 

Vwlet-cokmred vapom^from Mmty i. 324 
VkllH»,imetmtefj'u%\5 
r tJiM, i. 286 
niiiiiM dettridtm^ L HO 

w ^^^^w ^^^^^^^^ ^^a^F^v^w ^^^r^^v^vv 9IW ^^^^r^^ 

ailveffOfeyli.SV0 

wwiyuUHK mUf laMv-' «*-* 

FtfrK bine, &!••'>-'« 
grecoy ii. 119 ^^ 
of iroB, ii. 119J 
Ronaa^lLlff 



VIT 



WAT 



Vitria, white, ii. 1)7 

oil of, i. 889 

of yenas, ii. 167 

of zinc, ii. 1S7 
VUrioUe acid, i. S89, 407 

air,i. 1S6,888 
Vog^el on oxalate of lime, iii. 

on oxalate of ammonia and copper, 
ui. 91 

— scillitin,iii. 125 

— salphoTinoos acid, iii. 16t 
VclaHk alcaU, i. 861 

liver of aalphur, i. 400 

oils, iii. 68 

table of, iii. 69 

properties of, iii. 60 

quantities afforded by different 

substances, iii. 61 
VotatilUy of the mddUy ii. 11 
VoUame rocks, iii. 243,814 
Voieaiio€$t formation of, iii. 814 

phsenomena of, iii. 314 
VoUa, i. 187 
VoUa's eudwmeter, i. 380 

lamp, i. 330 

pile, i. 187 
VoUaic apparahUy i. 187, 269 

of Dr. Wollaston, i. 278 

battery of Mr. Children, i. 276 

combinations, chemical properties 

of, i. 269 
electricity, i. 268 

laws of, i. 273 

diverges the electrometer, i. 

276 

— intensity of, i. 276 
quantity of, i. 276 

chemical agencies of,i. 187,273 

decomposition of water by, i. 

273,336 

heat produced by, i. 187, 273 

combustion of metals, by, i.273 

ii. 12 
light, i. 27il, 311 



VoUmc %Al Muen cktwaetU mcHtm,i, 841 

pluenomena, i.27S 

pile, i. 187, 270 

improvement of, i. 278 

experiments with, i. 187 

theory of, i. 279 

trough, i. 270 
Vondea mtf , iii. 72 



WALKER on freedng mixtures, i. SW 

frasft,ui.l30 

Water, U 880,464 

discovery of its composition bj 
Cavendish, i. 100 

Gootains air, i. 889 

quantity of gases absorbed by, i. 
840 

a bad conductor of heat, i. 237 

convertible into steam, i. 888 

becomes luminous by sudden com- 
pression, i. 338 

of crystallization, i. ISM, 880 

of the atmosphere, i. 8S4 

combined with oxygen, i. 339 ; ii. 78 

and alcohol, iii. 136 

barytes, ii.78 

distilled, i. 337 

gilding, ii. 291 

hard, i. 336; iii. 57 

test for, iii. 57 

lime, ii. 62 

oxygenated, i.339 ; ii. 78 

rain, i. 386 

river, i. 336 

sea, analysis of, ii. 96 

soil, i. 336 

spouts, i. 282 

spring, i. 336 

strontian, ii. 90 

trough, pneumatic, i. 128 

its action on metals, ii. 15 

— analysis, i. 160, 380, 884 



WAT 



WHI 



W^efy iu anomaloas expaosioo, i. 9t, 

— l>oiliDg pointy i. 338 

— capacity for b«*at, i. 232 

— compusitioD, i. IGO, 220,330,341, 

— compressibility, i. 338 

— cr>stallizatioD, i. 338 

— d(Hx>inposition by Voltaic elec- 

tiicity,i.273,335 

potassiam, U. 30 

iron, i. 161,334 

pbosphoret of lime, ii. 68 

chlorides of phospboms, i. 

409 

— expansion by cold, i. 91, 228, 

338,462 

• freezing, L 228 

ht»at, i. 225, 4C2 

— formation by slow combnstiaii, 

i.331 
rapid combostioD, i. 338 

— latent heat, i. 120 

— production, i. 161,331 

— properties, i. 836, 338 

— refraction, i. 288 

— solidification by cold, i. 338 
combination, i. Ml 

— specific gravity at different tem 

peratnres, i. 462 

— synthesis, i. 330, 331 

— tests for hardness, i. 146 ; iii. 67 

— Taporisation, i. 338 

— weight, i. 338, 462 
Waienf chalybeate, ii. 400, 602 

carbonated, ii. 602 
hard, test for, L 146; iii. 67 
medicated artificial, i. 147 
mineral, i. 141 ; ii. 487, 602 

table of, ii. 602 

• examination of by tests, ii. 487 

analysis of, i. 146; u. 484, 491 

tests required (or their exami- 
nation, ii. 486 



Wider J sulphuroQS, ii. 602 

saline, ii. 508 
WaU, notice of, i. 124 

on the steam-engine, i.'t33 

— basalt, iii. 300 ' 
IVacemie, U. 312 
IFax,Ui. 63,346 

its composition, iii. 54 

— phosphorescence, i. 304 
artificial, iii. 200 

Wedgewood on specific heat, i. 234 
on feldspar, iii. 253 

— ignition of air, i. 305 

— manofactare of craciMes, iL 322 

— use of sulphate of baryta in por- 

celain, ii. 86 
Weigkiy specific, ii. 6 
ofgases, 1.374 

— — — table of, i. 379 

— atmospheric air,i. 373 

— elements and their compoaodf, 

i.464 

— water, i. 338 
Weights, English, i. 467 

reduced to French, i. 460 

French, i. 469 

reduced to English, i. 401 

IFeW, iii. 60 

Weidmg ofplaHmm, ii. 296 

WOiker on artificial bitter prindple, iii. 

40 
Wenurutn theoqf if the etarth, iii.M2,26T 
Weetrumb on boracite, ii. 471 
fneiii, iii. 30 
Wkeff, iii. 183, 184 
IFAaufoiies, iii. 298 

origin of, iii. 300 
Wkukep, ui. 135 

WhuUm's theory tfthe earth, iH. 237 
Whiibrea/te brewery heated by ttewm, i. 

246 
White erseme, ii. 208 

cast-iron, ii. 127 

copper, ii. 242 



WHI 



YEL 



Wkite eobaU gUmce^ aaalysis of, ii. 436 

enamel, ii. 140,306 

flux, ii. S7 

granular limestone, ii. 71 

lead, ii. 170 

lias limestone, iii. 291 

light proportion of coloured rays in, 
1.292 

oxide of bismuth, ii. 184 

pearl, ii. 186 

permanent, ii. 86 

precipitate, ii. 261 

sand of urine, iii. 193, 199 

silver ore, analysis of, ii. 4G3 

yitriol, ii. 137 
WhiMmrsi's theory ^ the earthy iii. 237 
Wiegleb on Manheim gold, ii. 161 
Wilson, his double muUiplier,i. 266 

on solar phosphori, i. 304 
WiUon*8 hygrometer, 1. 386 
Wutdfwmace, i. xiii. xy. 
Wuu, iu. 130 

constituent parts of, iii. ISO 

quantity of alcohol in, iii. 132 

oil of, iii. 163 

spirit of, iii. 131 
Wire-gauu kanp, i. 444 

extinction of flame by, i. 307, 443 
Wire, tenacity of, ii. 9 
Withering on baryta, ii. 374 
WitherUe, ii. 88 
Wotfram, ii. 225, 454 
Wo^framium, ii. 225 
WoUaston on cadmium, ii. 147 

on calculi, iii. 202 

— columbium,ii. 454 

— columbite, ii. 229 

— crystallization, i. 208 

— definite proportion, i. 84, 222 

— iridium, ii. 263 

— number of lime, ii. 373 
"-> ores of platinum, ii. 468 

— palladium, ii. 4, 265 
-^ radiant matter, i. 801 



WoUtuton on rhodiom, ii. 4, 251 
^-separation of magnesia, ii. 100 
his cryophoms, i. 122, 2-17 

— gpnlometer, i. 200 

— • scale of chemical equivalents, i. 
84,222 

— theory of crystallisatioD, i. 206 

— Voltaic apparatus, i. 278 
Wood on platinum, ii. S 

WM, iii. 3 
Wood ash, u. 43 

mountain, ii. 318 

tin, ii. 141 

frinegar distiUed from, i. 47,162 
Woods, m. 114 

quantity of charcoal afforded by, i. 
418 

conducting powers of, for heat, i. 
236 
Woody fibre, iii. 42' 

converted into gum, iii. 42 

into sugar, iii. 43 

Woodward on prus&ian blue, ii. 123 
Woodward's theory of the earth, iii. 235 
Wool, iii. 206 
Wootz, u. 130 

analysis of, ii. 387 

artificial, ii. 306 
Wort, iii. 128 
Wou^e, Peter, anecdotes of, i. 25 

on aurummusivum, ii. 144 

his apparatus, i. 51, 313 

contrived by Glauber, i. 51 

Writing ink, receipt for, iii. 102 

how restored when decayed, iii. 
102 
Wrought iron, ii. 128 



XANTHIC OXIDE, iii. 202 



YEAST, iii. 129 
YeUow dye, iii. 5 



YEL 



ZUM 



YeUmCy minerol or patent , ii. 165 
ore of teliariam analyredyii 4S0 

Yoik Iff eggt, iii, 2il 

Vmmgf Dr., on globules of the Uood, 
iU. 18» 

YttrU, its sources, u. 330, 483 
how procured, ii. 330 
its properties, ii. 330 

Yttrmm, ii. 330 

YttnhtoMtaliUy ii. 229 



ZAFFRE, ii. 192 
Zesfife, Tarieties of^ it 313 

analysis of, ii. 313 
ZuMoma, iii. 36 
Zme» ii. 8, 133, 520 

iU acetate, iii. 166, 350 

— alloys, ii. 139 

— ammoniaret, ii. 135 

— arseniate, ii. 209, 532 

— benzoate, iii. 105 

— borate, ii. 138,521 

— butter, ii. 134 

— carbonate, ii. 137, 521 

— chlorate, ii. 135, 520 

— chloride, ii. 134, 590 
analyzed, ii. 390 

— citrate, iii. 96, 349 

— compounds analyzed, i. 380 

— expansion by heat, L 224 

— hydriodate, u. 135, 520 

— hjrposulphite, ii. 136, 521 

— ]odate,u.l35,520 

— iodide, ii. 136, 520 



Zmcy its muriate, ii. 134, 520 

— nitrate, ii. 135,520 

— ores, u. 133, 136, 137 

— — assayed, ii. 396 

— oxalate, iii. 90, 314 

— oxide, ii. 134, 346, 520 
analyzed, ii. 290 

— phosphate, ii. 137, 521 

— phosphuret, ii. 127, 521 

— preparation, ii. 133, 138 

— properties, ii. 133 

— pmssiate, ii. 138 

— succinate, iii. 68, 346 
~ sulphate, ii. 136,521 

— sulphite, ti. 136, 521 

— sulphuret, ii. 136, 521 
analyzed, ii. 391, 393 

— sulphuretted sulphite, ii. 136 

— tartrate, iu. 83, U6 

— tesU, u. 138; 346, 520 
and gold, ii. 288 
flowers of, ii. 134 

(chloride of zinc) ii. 134 

gpimdUf ii. 312 

I ojTjfduMf li. 134 

sulphas, ii. 137 
ZtreMi,iL326 

analyzed, ii. 478 
ZtrewBo, its sources, ii. 326, 478 

preparation, ii. 327, 478 

properties, ii. 326, 479 
Zirc sw iiw , ii. 326 

its oxide, ii. S26, 47 
ZfspJ^tef , iii. 214 
Zmmde eod, iii. 10 



THE END. 
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